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1. INTRODUCTION

1.1 TASKING

NAWCAD Patwent River, Maryand, was tasked bhe FAA throudh referencel to determine
the High Intensity Radiated FHeld (HIRF) levels for avil aircraft opeating in the U.S. The
electromagetic field surveywill apply to civil aircraft seekingFAA certificationunderFederal
Aviation Regilations (AR’s) Parts 23, 25, 27, and 29.

1.2 PURPOSE

The purposeof the HRF surveywas to determine the Rotorcraft Severxe#t Wing Severe,
Certification,andNormal Environments that civil aircraft maye eyosed to while operatinig
the continentd U.S. ad its teritories.

1.3 SCOPE

The HRF surveywas accomplished gccessingEME data bases, technical manuals, and phone
contact with emitter opeators to déermine the HIRF drivers, andyze the severity, and providea
U.S. composite environment.

1.4 RESULTS

Identified in this report are the Rotorcraft Seveiged Wing Severe, CertificatiorandNormal
Environmaents tha aircraft may see while opeaating in the continentd U.S. and its territories. For
each environment, the drivingmitters are identified, and themitter datausedto predictthe
HIRF field levels are provided. Also detailed are the asmslynethods used to calculate the
fields. These HRF environments were subsequengisovidedto the Electromagetic Effects
Harmonization Working Group (EEHWG) for harmonization with the European WF
environment.The harmonizd environment is known as thatérnational HRF environments
that will be used in the advisomaterialand other supportingdocuments.The International
HIRF environments are also shown in this report for completeness.
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2. BACKGROUND

2.1 SAE AND EUROCAE EFFORTS

On 10 February1988 (reference 2), the SocietiyAutomotive Engheering(SAE) wasrequested

to develop gidance for desigers aircraft, aircraft emge,andelectronicscomponent®n how to
maximize protection of drborneavionics and dectronic systans from theadverseeffects of high
enery RF fields throudh which aircraft mayfly. The SAE created under the AE4 EMC
Committee the AE4AR Raliated Environmats Subommittee. The AE4R was organized into
three panels. Panel 1 was set up to aeaiynd validate the RIF environment that theAA had
developed. Panel 2 was set up to write thén hayel advisorymaterial that would suppothe
FAA’s HIRF rule making efforts. Ranel 3 was seup b write an SAE Aerospace Bcommend
Practices(ARP) documentthat provided desig and certification methods, later known as the
HIRF User’s Guide/Manual.

Concurrentlywith the FAA efforts, the AA in Europe had gneto the EuropeanOrganization
for Civil Aviation Equipment (EUROCAE) with asimilar request. EUROCAE seup asimilar
organization under a goup called Vérking Group 33, HRF. In an earlyeffort to get international
ageenent on the tchntal efforts, he EURDCAE members paricipated in numerous AE4
meetings hdd in theU.S.

The Panel 1 effort was the forerunner of th&HEnvironment survepf this report. The KA
had contracted the DOD Electromaetic Compatibility Analysis Center (ECAC) in 1987 to
researchand definethe U.S. high energ RF field environmental envelope to be used fqrety
certification of aircraft and aircraft emmges andfor the technical standardsorders (TSO)
authoriation of electronic equipment. Panel 1 reviewed the environment data, methods for
calculatingfield strengh, and assumptions. Panel 1 published several iterations of RRE HI
environmentand documentedsomeof their findings in the SAE AE4R meetinginutes. The
SAE AE4R Panel &ffort endedwith thefreeang of the Part25 SevereCertificationandNormal
Environments and their correspondingassumptions. The frea HIRF environments and
assumptions were incorporated into a final draft of the advigosylarin 1992.At this pointin
time, the FAA and JAA had deided tha the HIRF rule needed furthe internaiond
harmoniation before it could be used in théA rule makingprocess.The FAA taskedthe
Aviation RulemakingAdvisory Committee (ARAC), at the end of 1992, to harmonizerthe
and make the necessagjustment to the supportimgpcuments.

The only activity tha was on @ing after this point inthe SAE AE4R Pand 1 was a smdl
subpanethatwastryingto define the rotorcraft environment. The SAE AE4R Panel 1 Rotorcraft
Subpanel and their correspondiggup in EUROCAE V5-33 continued to work tagher to
define the assumptions, review emitter data, and propoR& Ehvironments forotorcratft.
These goups worked closelywith the ARAC goup to provide a harmonizd environmentthat

was completed inuhe 1997.
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2.2 EEHWG EFFORTS

The EEHWG was establishedin 1993 by the ARAC Transport Airplane and Eng
Subcommittee(TAES) in responseto the public announcement bthe FAA in the Federal
Regster, Vol. 57, No. 239, December 1992The EEHWG was charteredvith making
recommendatiorto the TAES concerninghe FAA disposition of the HRF and Lightning
requirements. The RIF task involved the development of new requirements for aircrptised
to HIRF asrelatedto FAR Parts 23.1317, 25.1317, 27.1317, 29.1317, 33, and 35, as appropriate.
Thistasksupplementethe effortsby RTCA, SAE, EUROCAE, andA&A/JAA during the period
of 1987 to 1992. The EEH® took the reports prepared BAE and EUROCAE and converted
them into a harmonied Advisory Circular/Advisory Material dint (AC/AMJ 20.1317) and
User’s Manual/User’s GuideThe EEHWG also took the KA Notice of ProposedRule Making
(NPRM) and the @int Aviation Authority (JAA) Notice of Proposed Amendment (NPA) RF
materials and converted them into a harmeshidPRM/NPA document.

The EEHWG need ¢ creaé harnonized NPRN/NPA docunent for each parof the FAR drove

a need for egandingthe scope of the IRIF environments from just Part 25 to Parts 23,27,

and 29. The FAA had tasked NAWAD in 1994 to conduct this RIF Electromagetic Reld
Survey studywhich complemented the efforts of the EEHWG and the SAE AE4R Rotoraaft
Subcommittee. The frozen environment needed to be updated to include Part 23 canchuter
general aviation airplanesand Parts27 and 29 for rotorcraft. The assumptions for the various
types of fixed wing aircraft and rotorcraft had to be adjusted for the inclusion &'¥Endthe
correspondingdlight envelope of the aircraft (i.e., hoveriagd vertical landinigkeoff).

The EEHWG concentrated all its effort on harmoimg the various documents. The
environmentgemained frozen up untibde 1997. The EEHW did evaluate the unique area of
reducingthe HIRF levels by consideringprobability of encounter for aircraft operatingear
land-basednd ship-basedIRF emitters. The BA contracted the support of Electronmagics
Applicationsinc. (EMA) to analye this concept and conduct statistical studies for land-based
emitters.The resultsare published in reference 3It was the conclusion of the EEHSVthat
probability of encountercould not be used to predict the RF environments for land-based
emitters. Pa Soott of Hongwell was tesked by the EEHWG to adyze the ship-baed emitters.
The EEHWG reviewedhis study(referencet) andmadechanggs to the assumptionshatresulted

in the ship to aircraft separation charggfrom 300 to 500 ft. At theneeting inBridgeport,
Connecticutthe FAA/JAA proposedhe final hternational HRF environments and assumption.
The nternational HRF environment ended up with followirgnvironments:

e Rotorcraft Severe Environment.
e Fixed Wing Aircraft Severe HRF Environment.

e Aircraft Certification HRF Environment.

e Aircraft Normal HRF Environment.

These HIRF environments and assumptions we incorporded into the joint NPRN/NPA and
AC/AMJ material and distributed at the November 1997 meetirteE HWG.
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2.3 RELATED VALIDATIONS

Ealy in the efforts of the SAE, thee were requests for flight vdidation of someof the levels
being predicted.To this end,the FAA conducted several studies to inveatsy the phenomena
and documentthe exposureseen.The following three studies were felt lihe SAE AE4R to
validate the levels contained in theRfAenvironments.

2.3.1 OHIO UNIVERSITY F LIGHTS

The FAA Techntal Center contaced Ohd Universty Avionics Engneering Center to provide
limited measurements of the field strémgo be encounterebly aircraft flying near certain
specifiedtransmitters For eachtransmitterto be measured, the ECAC was tasked to estimate
independentlyhe fieldstrengh at a point on theflig ht testprofile. Ohio Universitythenflew test
flightsin DC-3 aircraftequippedwith RF field strengh measurement equipment. The four sites
measured in 1988 were:

e 100 kHz Loran-C, Carolina Beach, North Carolina.

e 15.195and 11.939 MHz: Voice of America, HFBroadcast, Greenville, North
Caolina

e 21.5 MHz Over-the-Horipn Radar (OTH-B Moscow, Maine.
e 3 GHz: TPS-75 Rda, Bdtimore, Maryland.

It was concluded from the studiiat HRF levels do elst and modeling techniqueshould
continueto beusel to estimate the HIRF levels.

2.3.2 NASA FLIGHTS

NASA, under the flyby-light, powered-bywire progam, flew a 757 near severaltes to
compae modding and flight test results. No a&ternd field measurements wee made The
cockpt and EE bay were nstumented for field measurerans. The dat collecied for the
cockpit area aged with the modelingdone using finite difference time domain based
simulation software Descriptions of the fligt test efforts are provided in references 5, 6 and 7.

2.3.3 FAATECHNICAL CENTER F LIGHTS

The FAA Technical Center arraeg to conduct several fhg tests with theilS-76 helicopter.
The purposeof theflights wa to evaluae the precticality of performing arcraft level HIRF tests,
determine the effects of HIRF on aspeific rotoraaft with the potential to obtan information on
rotoraaft in geneaa, and evaluae the effects of exposureto “real world” HIRF emitters. The
results of the fligt tests are detailed in references 8, 9, and 10.
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3. ASSUMPTIONS

The EME exsts due b the manmade tansmssons of eéctical enery into free space.This
enery is radiated from radar, radio, television, and other sources. The transmittersuen@- g
based, ship-based, or airborne.

In calculatingthe environmentnumerous assumptions were made. Most are documented in the
NPRN/NPA or AC/AMJ. The guideline used eal in the process coains sone basc
assumptions. iRally, there are some assumptions that are considered coomoodinary This
section will try to detail all possibleassumptions thawere usal in thedevelopment of theU.S.

HIRF environments.

3.1 NPRN/NPA ASSUMPTIONS

The assumptions from theNPRN/NPA ad AC/AMJ are reprinted in appendix A. The
environmentwas divided into 17 frequencyands. For each band, table 1 sumnesrithe
assumptions dailed in gpendix A (direct and slat illumination ae defined on pages 30-31,
paragaphs 4.4.4 and 4.4.5 respectiyely

TABLE 1
NPRN/NPA ASSUMPTIONS SUMMARY
u.s. u.s. us. us.
Rotorcraft Fixed Wing (All Aircraft) (All Aircraft)
Severe Severe Certific ation Normal
Source Distance (ft) Distance (ft) Distance (ft) Distance (ft)
Airport/Heliport/Off Shoe Hatforms
Fixed:
Air routéAirport sunellance radar 300 gant 500 gant 500 dant 500 dant
All other 100 direct 250 dant 250 dant 250 dant
< 5miles < 5miles < 5miles
Mobile:
Aircraft's weather radar 150 direct 150 direct 150 direct 250 direct
All others 50 direct 50 direct 50 direct 50 direct
Non-Airport/Heliport/Off Shoe Platforms
HIRF Special Use Arspace (RJA’s) Edge o SUA Edge o SUA Edge o SUA Edge o SUA
All others (radia from facility)
>0-3 nmi 100 direct 500 gant 500 gant 500 dant
3-5 nmi 100 direct 500 gant 1000 gant 1000 gant
5-10 nm 100 direct 500 gant 1000 gant 1500 gant
1025 nm 100 direct 500 gant 1000 gant 2500 gant
>25 nm 100 direct 500 gant 1000 gant 1000 gant
Ship-Based Transmitters
All Ships 500 direct 500 dant 1000 s$ant not gplicable
Air to Air
Interceptor not gplicable 500 direct 500 direct not gplicable
All others not gplicable 100 direct 100 direct not gplicable
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3.1.1 OTHER ASSUMPTIONS

Thefollowing is alist of othe assumptions thawere made during thedevelopment of the HIRF
environmentsAlthough mostof these assumptions are véxgsic, theyare provided to document
all possble assumtions for he reader:

1.

2.

The maximum electic field strengh that an arcraft may be eyosed ¢ is evalaked
ove the range from theminimum dlowable searation distance between aircraft and
RF emitter and infinity. The minimum distace is the worst-ase distance tha is
determined bythe scenario (severe, certification, or normal) beiogsidered and the
environment within tha senario.

All calculations consider onlyreespace loss between the emitter and the aircraft
(i.e., no losses for atmospheric effects).

The arport environment consists of fixed and mobile emitters located on an airport.
The airport included an area definedaby nmi radius from theeggraphiccenterof the
airport. This differs from thegpproah use by the Europens whid uses a 5 mile
airspace wedg fromthe end oftie runwag.

The fixed arport environment consists of h fix ed emitters located on an drport. In
geneal, the minimum distance between a fixed emitter and thetaxiway or runwg is
defined byregulations. This minimum distance is used as ithma@imum separation
distance betveen the aircraft and the fixed arport envronment The ypical fixed
emitters in theU.S. arport eavironments ae:

Marker Beacon Ground Controlled Approach Radar
Localzer Distance Measunng Equipment

VOR Microwave Landing Systems

Glide Slope Airport Survaellance Rada

TACAN Air Route Survellance Radar
Weather Radar VHF and UHFCommunication
Telemetry ATCRBS Intarogator

Not al of these emitters ae located on every arport, but thg are located on some
airports in thel.S. Based on FAA regulations, fixed emitters are located no close to an
airport runwayor taxiway than 250 ft. This was theasisfor the useof 2501t for fixed
emitters & arports.

Mobile emitters in the airport environment consist of d emitters tha are not in afixed
location.Emitters,suchas commercial VHFadios on gound support vehicles, are part
of the mobile environment. Emittes, sutn & the aircrafts HF and UHF
communications, TACAN, Doppler Nawagon Radars, radio altimetersyeather
radars, and ATCRSB beacons, are also included in the mohilport environment.
Theseaircraft emitters mape operatingvhile the aircraft is on thergund and waiting
to take off.
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6. Theaircraft to arcraft environment consists of mitters aboad othe aircraft at distance
much closer than normal in-flg separation. The emitters on civil aircrafeincluded
aready in the mobile airport eavironment. Theefore only military arcraft need to be
considered in the aircraft to aircraft environment.

The military aircraft fall into two categries: interceptoand non-interceptoraircraft.
An intercepbr aircraft may approachas cbse as 50 fto an undenified commercid
aircraft while attempting to establish the identity of, and provideinstrudion to, the
aircraft. It can beassume tha very high poweed emitters sud as ECM systems and
fire control radars will not be opeating a this dose visud range. Non-inteceptor
aircraft would not intentionallyapproach closer than 500ffom anotheraircraft but
may be operatingveather radars. Aircraft with unique missions such as eaining
radars would never opeate thar primay radar with arcraft close than 1 mile These
guidelines form the basis for the air to air portion of thRH&nvironment.

7. The emitterslocatedon the gound are the lamgst population of stems since it
includes all fied and gound mobile emitters that are not located on airports. The
typical gound based emitters in the U.S. environments are:

Sounders Troposcatter

Submaine Communietion AM Broadcast

Radar Astronomy HF Broadcast

Land Mobile FM Broadcast

Test and Trainingequipment TV Broadcast

Weather Radar Air Route Survellance Radas
National Defense Radars VHF and UHFCommunication

Loran and OmeggNavigtion Saedllite Up Links

The Interndiond Civil Aviation Organizaion (ICAO) arcraft minimum obstrution
clearance for VR is 500 ft AGL Thereforethe minimumdistanceusedfor fix ed wing
aircraft was set at 500 ft.

8. The operator gidelines for rotorcraft advise a two rotor-blagkparatiorfrom ground
obstacles when operatirgglow the CAO 500 ft minimum. After an densivesurvey
of rotorcraft sized, it was determined that thepigal distance resulted in a 100 ft
separation.

9. ThePart 25 Transport aircraft are alvgayperatingunder the FR once theare clear of
the airport. TheHAR required a 1,000 ft minimum altitude. Thusterialed to the uses
of 1,000 ft for the Certification and Normal Environments.
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10.

11.

12.

13.

14.

15.

16.

17.

The shipboard environment includes emitters on commeacidimilitary ships that
may be locatedin harbors near airports or at sea. Th@dsgl shipboard emitters in the
U.S. environments are:

Air Search Rdars WeatherRadar

Fire-Control Radars Surface ®arch Rdars

Saellite Communietions Microwave Landing Systems
HF Communietion VHF and UHFCommunication
TACAN ATCRBS Interrogator

In addition, the EEHWG consideredprobability as detailed in Section 2.2. The
shipboard separation was determined to be 1,000 ft slant.

The heliport and off-shore platform environment includes emittersanmercial
facilities on land or at sea. Theptgal emitters in the U.Sheliport and off-shore
platform environments are:

Sadllite Communietions Weather Radar

HF Communietion Surface ®arch Rdars

VOR Naviggtion Microwave Landing Systems
Homing Beacons VHF and UHFCommunication

Rotorcraft operatingoff of heliports and off-shore platforms were determined to be
operatingunder VIR; therefore, the separation distance was set at 100 ft.

Antenna heigts above gund due to antenna towers that are patt of the basic
equipmentpacka@ were not consideredFlat earth is assumed, i.e., terrain was not
included.

Emitter data were dpacted from authorized transmitters as of 1997.

Emitter data for the U.S. EME included contigyis UnitedStates(CONUS), Alaska,
Hawaii, and Puerto Rico.

Modulation was not considered for the nonpulsed emitters; thergbeas field
strengh and averagfield strenths were set to be the same.

High impedance #&lds (E>12@H) were found to eist in the frequencyang of 10 to
100 kHz. Thesefields were egluded from the HRF envelopes because théy not
propagte and are more likelfo be a problem on airframes which are preitamtly
nonconductingHowever, a note has been added statwegHIRF strengh valuesfor
these frequencsegons and is for information only

The peak field strenp is based on the mawum authoried power level of the
transmitte and aatennagain for thefrequency range. The average field strength is based
on the maximum average field strength (pesk output powe of thetransmitte times the
maximum duty cycle times the antenna gain) for the frequency range. The field

10
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18.

19.

20.

21.

strenghs used in the environments for peak and aeemgyor maynot be fromthe
samedriver emitter.

The antenna pattern and rotation rate were not used faf &ng calculations.
The maxmum antennaa@n was taken from the 3 dBandwidth.

Theunitsusedto definethefield strengh of the HRF environment are in terms of root
mean square (rms). All measurements or calculabbtisefield strengh arederivedin
terms of the power densjtgither peak or averagthen converted to volts per meter
(VImm,g. Therms units for kectric field strength or powe density are to be omitted,
since theyare assumed to be understood without restatemethte units. The true
electrical pesk will not beusel for expressingthefield strength.

Pulse modulated smgls, such as from a raddrave differencesbetweenpeak and
avera@ power densgy. The rato betveen he peakandavera@ valuesis the duty cycle
for pulse modulated orated sighals. The maixnum dutycycle is to beusedto calculate
the environment. & pulsed emitters when the sa is on, the peak field the valueof
the electric field for the time that the sa& is on. Wien the sigal is off, the field
strengh is zro.

11
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4. ANALYSIS METHODS

4.1 DATA COLLECTION AND REDUCTION METHODOLOGY

The methodolog usedto collect and reduce the data for the U.RHE&nvironment is shown in
figure 1.

The refinement of the BRF environment for this studigegan with the datacollectedby Joint
Spectrum Ceanter (formealy ECAC) for thefirst HIRF environment study This daa was emitter
data extracted from three data bases. TheFRS dda base contans emitter daa for dl Federa
Communi@tions Commission(FCC) authorized transmittes. The FRS dda include systems
sud as Radio and TV broalcast, terrestrid radas, saellite uplinks, aad navigation systems. The
Govenment Maste File (GMF) daa base contans emitter daa for all government owned and
operated transmitters. The predominate data in the Gati-base is the DOD emitters. The ECS
contains general technical information aboutogernment transmitters both operatignd
nonoperatingA complete description of the data bases is described in Section 4.2.

The Joint Spetrum Center first studyextracted daa from these daa bases for dl emitters tha
exceeded 100V. Joint Spectrum Center also did seconddata extraction of all emitters
assocated with sixmgor arports in theU.S. Thesix mgor arports wee: New York Kennedy
Airport, New York, Chicag O’Hare, llinois, Dallas fort Worth Airport, Texas, Los Angles
Airport, California, St. luis Lambert FReld, Missouri, and Bston Llogan Airport,
MassachusettsThis latter study was used to support the development of the normRIFHI
environmentAll this data is contained in laagormat computer printouts that are storedoattJ
Spectrum Center contractdmRI in Annapolis, Mariand.

This study reviewed dint Spectrum Center's data then requested another datcten to
updatethe emitterinformationto reflect the most current license or authorized transmitters. Also,
the daa extraction induded transmittes with dfective radiated powe (ERP) greater than 1 kW

and transmittes geater than 100W. The daa were collected on ma@neic tape and eventudly
downloadedo a PC Fox Prodatabase.The Fox Pro data base was used to create a subset data
basethat containeddata licensingnformation and equipment descriptions on the top 2641y
emitters in each of the HIRF frequencyangs. The FoXPro subset data base wasudt to
Patwent River and used to update theRflenvironment. The 19950k Pro source dathase
remained archred atlITRI.

NAWCAD Patwent River collated the assumptions that had evolved since 1992tidEiRF
environmentwasfrozen. All the assumptions that were applicable are documented in Section 3
of the report. Usinghe assumptions, the emitter data in each of th&ebuencybandswere
analzed b locat the bp 5 hghestERP drivers n each band.

13
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Emitter Data Sources ~ EME Refinement Effort

FRS Data Base -
FCC License
GMF Dat_a Base Original HIRF Select
-GOV License -6 Airports (Printouts)
ECI Data Base
~Equipment Info
Original Printouts
(held at ITRI)

1995 HIRF Select
-1 kW ERP (Fox-Pro)

Top 25 per Band (Fox-Pro)
(Held at PAX)
-Licensed Emitters
-Equipment Info

0_?&'6%1? Bases : Engineeripg:
KILTING -Assumption Changes
-Select Top 5 Drivers
-Validate, Document, and Eliminate
SUA’s Emitters

-Sanity Check
Jane’s Publications -Validate Operational Status
-Obtain Missing Data

=Gross Calculations
-LF Modeling

Contacts

~-Frequency Coordinators
-Users/Operators
-Manufacturers

-Industry Specific Rotorcraft Severe HIRF EME

-Consultants Fixed Wing HIRF EME’s '
Certification and Normal HIRF EME’s
U.S. HIRF Data Archive

FIGURE 1
U.S. HIRF EME DEVELOPMENT PROCESS
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If an emitter was determined to be a possibledriver, its loation was plottel on alow dtitude
aeronautal map to deermine if it waslocaed n a $ecal Use Arspace (8A) or near an
airport If it was n an QJA, it was noéd and reraved as a dvier andreplacedby the next lower
ERP enitter.

Thecompletdist of five emitters was checked to determine if there is common knoevksolgut
othe possible high powe soure in tha band or if the emitter data appeared to have
unreasonalel charadristics. When ether of these condions occurredthe datn sourcewas
consulted to locate the needed ddtauds this step thd¢d to the inclusionof variousbroadcasts
to theemitters and correction of amitter daa.

Each of thefive driver emitters pe band was vdidated as opeationd. In somecases, it was
necessay to contect the facility to verify it was still authorized to transmit and cpable of
emitting In most cases, the driver emitters were obviowglgratingsuch as the air route
survellance radas.

Thetask of locting sufficient daato pemit calculation of thefield strength level began &ter the

five driver emitters pe band wee vdidated as opeationd emitters. Themgor daa missingwas
usually the antennatype and size. This data was essential to calculation of the near-field
strengths. Soure for this informdion stated with othe emitter data bases usal for EW sud as
Ework andKilting. Next, Jane’sbook series on militargystems was consulted. Mgn necessary
the contact was male with the manufecturer, use, or mnsultants to omplde the emitter daa for

the five band drivers.

The final effort involved modelingand calculatinghe HRF environments. Thealculations
weredoneas described in the followinggctions of this report. An Egl spread sheet was used
to estimate the field strengths. Thelarge LF emitters required special array modding to derive
the field strengths. No finite dement or finite difference modéing was male of the antenna
system becausethe emitter database contained insufficient information to allow this kind of
detailed modelingThe emitter that produced the hégtfield strengh wasthenusedto compile
the environment.

This processwas iterated for the assumptions for dRorcraft ®vere, Fixed Wing Severe,
Certification, and Normal HIRF Environments. The peak and avexafield strenths were
tabulatedand graphedfor presentationThe raw data for this report have been archived at
Patwent River and a copwith the FAA.

4.2 DATA BASES

4.2.1 ECS

The Equipment Characeristics and $ace (EGQ) contins desiled techntal characgristics of
communicatons, radar, EW, and spacesystems equpment The daa base $ devebped and
maintained bythe dint Spectrum Center &) in Annapolis, Matand. The $C extractsdata
from technical manuals/B12 Applications forFrequencyAllocation, JSC project activities,
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manufacturers’ brochures, and simila doauments. TheECS int¢udes asummay desaiption of

each communicatons eéctonics (GE) system and prowles sedced detiled techncal

parameters of each suls®m and component that, &iger, composes the gmandestablishes
its oveall technica characteristics. Daa ae primaily on U.S. militay systams. Limited

information is also avdiable on commercia systenms. The da base contins techncal

characteristics on apprimmately 25,000 terrestrial sgems.

The ECS also contains characteristics on over 360 satellitesrbial characteristicof over
1,600 individual satellites. However, none of this satellite data is relevanRte HI

4.2.2 FRRS

The FrequencyResource RecordyStem (FRR$ contains information on DOD frequency
assignmentsusedthroudhout the world that are controlled bythe Unified Commands and the
Military Depatments (MILDEP's). I provides acentrdized record dgpositoryfor dl permanent
frequencyassigiments of 90 dasyor longer duration. Alldataare maintainedat the JSC central
computing facility in Annapolis. The data base also providbe interface for processing
frequencyassignmentactionsbetweerDOD organizations and the National Telecommunications
and hformation Administration (NTA). Each record contains administrative and technical data
suchasthe type of assigment, orgnizational information, and the equipment location. The data
base contains over 181,000 frequeasgighment records and is updated weekly

4.2.3 GMF

The GMF contains records oftte frequenas asgjned b al U.S. FederalGovernnent agences
in the U.S. and its possessions. TIBE bbtains data dailjrom NTIA, andthe masterfile is
updated weeklyOver 330,000 frequen@ssigiment records are currentlythis data base.

4.2.4 FCC

The FCC data base cordins te records of frequeres asgjned bythe FCC to sate and bcal
governnment agencesand he prvate seabr. The source othe dad is the FCC via the JSC. The
datareceivesa major update annuallywith minor updates quarterliyfhere are over 3,157,000
frequencyassigiment records in this data base.

4.3 SOURCES

4.3.1 JANE’S

The J&ne’s books are series of technical informatomumerougelecommunicatiomlectronics
devices. The books available are:

e Jane’s Avionics - Desig features, functions, modificatiorspplications,customers,
frequency power output, displaysensors, antennas, contractor lists, manufacturers
index, and 2,000 photagphs and drawirgy The technicaldetails and illustrations
cover 3,000 airborne and avionicst®ms for civil and militaraviation worldwide.
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The &ne’'s Radar and Electronics affare Swytems Bok is an unclassified
description of over 2,000 surveillance and countersurveillarsterag inusearound
theworld. It compaes targeting, control intdligence gathering, and séf-protection for
ar-dédense  Communi@tions htdligence (COMINT), ELNT, and dectronic
countermeasures (ECM), plus radasteyn and EWsimulation, and monitors old
equipment and new progms in development in an 800 pdmpok.

4.4 ELECTROMAGNETIC FIELD ENGINEERING ANALY SIS

The analgis of the electromaggtic field produced byan emitterwas done using classical
antenna propatjon theory The area surroundingn antenna isegerally divided into three
regons. The following definitions of thesethree regons have been taken from thEEE
Standards Definitions of Terms for Antennas (reference 11):

Reactive Near-Feld Region - That regon of thefield immediatelysurroundingthe
anenna whereai the readve field predonmnas.

Radiating Near-Feld Region- That regon of the field of an antenna betwete
reactive near-field regn and the far-field ragn wherein radiation fieldsredominate
and whereinthe anglar field distribution is dependent upon the distance from the
antenna.For an antenna focused at infinjtythe radiatingnear-field regn is
someimes referred to as the Fresnd region on thebeasis of andogy to optical
terminology. If the antenna has a masum overall dimension, which is not larg
compared to the wavelethg this field regon maynot exst.

Far-Field Region - Thatregon of he field of an argnna wheretie anglar field
distributionis essentiallyndependent of the distance from the anterinthel antenna
has amaximum oveall dimension ‘D”, which is large compaed to the wavelength,
the far-field regon is commonlytaken to eist at distancefrom the antennagreater
than the qudity two times the squae of the maximum dimension d divided by the
wavelengh. For an antenna focused at infinitthe far-field regon is sometimes
referred to as ther&unhoffer regpn on the basis of analptp optical terminolog.

Figure 2 shows the various appnmate field regons for an aperture antenna with gperture
much geaer than a waveangth (A). “D” is thelargest linear dimension of thegperture, r is the
range or dstance fromthe anénna.
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- d

N

> r
* | Reactive Fresnel Region Fraunhoffer Region
~Y_ 1 Near Field (Radiation Field ) or Far
Zone
-y | r=(2d%)/A
FIGURE 2

ANTENNA FIELD REGION

4.4.1 PROPAGATION LOSS CALCULATION

In the Faunhoffer regpn, the radiation is in a divarg beamshape,where the density is
maximum at the beamcentr and decreases awdyom the beamcentr as the ande of
divergence increases. If the aperture is male larger or the antenna illumination is male more

uniform,

theradiatedbeamis made narrower and the beam center power deissihade higer.

The power densitgt the beam center in the far field isen byequation 1.

Equation 1

\Where:
Po = Power Densty (wattdmetef)
PG Pr = Transnitter Qutput Power (watt9
Po=—"+ G = Antenna Gin (unitles)

r = Distance or Rarggfrom Antenna (meters)
n = The constant Pi (3.1415...)

All power densities in the far-field remn are estimated bgquation 1 and have thellowing
properties:

The electromaggtic field produced bg distant source is of the spherical wayeety
For the gven direction of radiation, the EM radiation behaves like a plane wave.

The rato of the anplitude of he ekctic field and he anplitude of he magneic field
are constant and equal to 377 ohms. The electricifigldrpendiculato the magetic
field and both are perpendicular to the direction of preiamy

The amplitude of the power densiiglectricand magnetic fields) is proportionalto
the nverse offie dstance ¢ the source.

No large obstacle intervenedbetwveen he anénna and he estmated pont in space
alongan optical line of sikt.
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* No dternae transmission pth is followed by a substatial fraction of the radiated
enegy (i.e., multipah).

e Theinterveningatmospherdiasa constant indexf refraction, so no bendingf the
wave occurs or absorption of the enefigpm the wave at the frequenaged.

Equation 2
\Where:

2d? d =Maximum Antenna Dimension (meter)
A = Wavelenghs (meter3
r = Distance or Rargfrom Antenna (meters

Equdion 1 was usel for dl types of amitter antennas when the emitter’s antennato arcraft
separation was deermined to bein thefar field of theemitter’'s antenna To bein thefar field, the
separation distance had to meet the criteria shown in equations 2 or 4.

Equation 3 \Where:
\ = c c = Speed otight = 300 (meg-meters/second)
f f =FrequencyMHz)
A = Wavelengh (metery

Equaion 4 (substitutinggquéion 3 in eudion 4)

> &f \Where:
> d = Maximum Antenna Dimension (meter)
300 f = Transnitter Carrier Fequency(MHz)

r = Distance or Rarggfrom Antenna(meter$

4.4.2 NEAR-FIELD MODELING

The near-fieldregon of an emitter does not have the above propertrethd near-field ragn,
thegain is afundion of thelinear distance from the antennaand aperturetype consejuently, the
antenna performance must be evaluated uspegial considerations.

The power densities in the near field are calculated uemfar-field equation 1 aranear-field
gain reduction factoi as shown in equation 5.
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Equation 5 \Where:

Pp = Power Densty (wattdmetef)

PG X Pr = Transnitter Qutput Power (watts

ATir? G = Antenna Gin (unitles)
X = Near-Reld Gain Reduction Rctor (unitles)
r = Distance or Rargfrom Antenna (meters)
n = The Constant Pi (3.1415...)

PD =

All emitter antennas were classified as having one of the following apertures: a rectangular
apertre, circular apertire,or alinear apetre. fhase arragnennas arereaed as re@ngular or
circular apertures. Elliptical or aosse polaized antennas ae treated as dther circular or
rectangilar antennas dependingon the ratio of the elliptical wave.

The methods presented in the followisgction of this reportor calculating near-field gain
reduction factors were initiallproposed byAlexander Gross ofioint SpectrumCenter. SAE
AE4R and EUROCAE extensivelyreviewed, validated, and adopted these methods as the way
near-field reduction would be estimated. These unique near-field muoetssmeknown within

the HRF communityas the “Gross” method.

4.4.2.1 Linear Apertures

A linear gpeature has maimum oveal dimensions whith ae not lage compaed to the
wavelengh. As gven in the definition at the bewming of this section, the radiatingear-field

regon does not ast. Therefore, no near-field correction is uségpical antennashat meetthis
requirementre dipoles and monopoles. Equation 6 is used to determine if the antenna is a linear
antenna and does not have a near field.

Equation 6 here:
300 d = Largest Antenna Dimension (meter)
d<=A=  —— f = Transnitter Carrier Fequency(MHz)
f A =Wavelengh (meter}

All linear antennas useequaion 1 to déermine the powe density at the criteria separation
distance.

4.4.2.2 Rectangular Apertures

Rectanglar aperturesare horns or partial dish antennas (so-called oesapeel antennas). A
rectangular aperture antenna may not hae the sane vertical and horizonté axis illumination
taper. Therefore,hte gin reducton for each as is independeiy deermined. The near-feld
reductionfor eitheraxis is givenin table 2 and shown in fuge 3. The gn reduction is g/en in
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dB for auniform powe distribution ad for seeral illumination distributions from es" to cos' as
a function of the near-field distance.

TABLE 2
RECTANGULAR APERTURE NEAR-FIELD REDUCTION
An Or Ay | Unifor m cos’ cos’ cos® cos”
0.010 20.3 16.0 14.0 12.6 11.5
0.015 17.6 14.0 12.4 11.0 9.8
0.020 17.3 13.2 11.2 9.7 8.6
0.025 15.3 12.2 10.2 8.8 7.8
0.030 15.3 11.4 9.5 8.0 7.0
0.035 14.4 10.8 8.8 7.4 6.4
0.040 14.2 10.2 8.2 6.8 5.8
0.050 13.0 9.2 7.2 5.8 4.8
0.060 12.4 8.4 6.6 5.0 4.0
0.070 12.0 7.6 5.8 4.4 34
0.080 10.4 7.0 5.3 3.8 2.8
0.090 9.3 6.6 4.7 3.4 2.4
0.100 9.2 6.1 4.2 3.0 2.1
0.150 10.0 4.3 2.6 1.6 1.2
0.200 7.0 3.0 1.6 0.9 0.6
0.250 5.2 2.0 1.1 0.6 0.4
0.300 4.0 1.5 0.8 0.4 0.3
0.350 3.0 1.1 0.6 0.2 0.2
0.400 2.2 0.8 0.4 0.2 0.2
0.500 1.8 0.5 0.2 0.0 0.0
0.600 1.5 0.4 0.2 0.0 0.0
0.700 1.1 0.2 0.1 0.0 0.0
0.800 0.8 0.2 0.0 0.0 0.0
0.900 0.6 0.1 0.0 0.0 0.0
1.000 0.3 0.0 0.0 0.0 0.0
20 [Jnlform |
e ICos” |
| ~o—4 L 1
]
10 —= \H»/A‘\bos |
Cos®
AN
ICos® |
I
0 [ L] -
0.01 0.1 1
FIGURE 3

NEAR-FIELD CORRECTION F ACTORS FOR RECTANGULAR APERTURE
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To determinethe type of illumination distribution, it must beigen as part of the antenna data or
it canbe calculatedrom the antenna dimensions and beamwidth ugggation 7.lluminations
above cosare omitted sin@ the gain redudion in the near field would beamost nelligible.
When |y is found to be border line between the two orders of illumination, tHeshigrder is
usedsincethe powerdensityin the near field will be geater and, therefore, more conservative.
Once thevaue for theillumination distribution onstant is @lculated, usetable 3 to estimate the

correspondingllumination type.

Equation 7

la=  (5.8384 0% fBd

\Where:
l¢ = Congant for edimating lllumination Distribution
d = Largest Dimension (meter)
f = Transnitter Carrier FequencyMHz)
B = Beamwidth ofantenna at the 3 dB points (degs)

TABLE 3
ILLUMINATION DIS TRIBUTION F OR RECTANGULAR APERTURES
Limits of I Estimated Illu mination
0.088 - 1.2 Uniform
12 - 145 cos
1.45 -  1.66 cog
1.66 -  1.93 cos’
193 - 203 cos’
Equations 8 and 9
\Where:
rf A = Horizontal Axis Normalized Distance (unitles)
= i7300 r = Separation Distance or ram@mneters)
n f = Transnitter Carrier Fequency(MHz)
dy, = Horizontal Axis Dimension (meters)
B r A, = Vertical Axis Normalized Distance (unitles)
- d,2300 dy = Vertical Axis Dimenson (meter¥

Next, thedistancerom the antenna must be normaldzbydividing by the far-field boundaryor
each axis. The normelized distance for each ag is deermined usng equaton8 for the

horizontal axs and equation 9 for the verticalisx

From table 2, find the near-fieldaig reduction factors (eithek, or ¥) using the axis
illuminations type (deermined by using equédion 7 and table 3) and the normdized distances
from equations 8 and @{ andA,). The total near-field @n reduction isthe sum of the gain

reduction in dBconverted to a numeric factor dsen in equation 10.

22




NAWCADPAX--98-156-TM

Equation 10

\Where:
7 = Total Near-Reld Reduction Ector (unitles)
x= 10XV Z#n = Horizontal Near-keld Reduction Bctor (dB
%y = Vertical Near-keld Reduction Ector (dB)

The total near-field reduction factg)(is used in equation 5 to obtain the power density
4.4.2.2.1 Derivation of Antenna Size

As can be deduced from the discussion on determihiagnear-field power densjty becones
importantto know the emitter antenna aperture size. However, in some situations, such as during
the early stages of evaluaing emitters, the antenna aperture size may not begiven in thedaa

bases. Seera techniques wae usal to estimate the size of the antennafrom the available daa.

After using these techniques, the emitter was wmpaed to the otheg possibledrivers. f it
determined that the emitter was close or was the driver, then further research was caaducted
determine the eact siz of the aperture. The followindiscussion provides the details on how the
antenna siwas derived for the earbnalysis.

In some cases, the antenrangfrequency and basic description arévgn. Equation1l was
usd to estimate thesize

Equation 11 Where:
2G 12 d, = Antenna \értical Dimension (neters)
dy, =d= dn = Antenna Horinntal Dirrension (neters)
AP o300 f =Transnitter Carrier Frequency(MHz)

G = Antenna Gin (unitless)

o = Antenna Hiciency (unitless)
I = Antenna Rctor (unitless)

m = The Constant Pi (3.1415...)

Equation 11 is derived from the classical formula ukgddeterminingthe antennagain, but

solved for he anénna area. For a rextgular apertire, the horizontal and vertical axes are
assumeé equd; therefore the squae root is t&en of the antenna area resulting in the equd

ordinate dimensions. The antergféiciency (o) used in equation 11 is a ration§ how well the
antenna emits the input power. Antenna efficieisaysuallybetween 0.5 and 0.9@jth atypical

value of 0.55. Br the estimated antenna sitiee antennaefficiency value assumedvas 0.55,

unlessthe antennadataprovided further information. Also, equation 11 uses anteamafgctor
(M which is linked to the antenna illumination. tablegi@es the gain factors possiblefor

rectangilar apertures illumination. Agn, uniform illuminationis assumedunlessthe antenna
data provide further information.
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TABLE 4
GAIN FACTORS FOR RECTANGULAR ANTENNAS
lllum ination Gain Factor (I')
Uniform 1.0
cos 0.81
cos 0.67
cos’ 0.0575
cos' 0.0515
Equation 12 f \Where:
d= d = Antenna Dimension (meters)
9300 f = Transnitter Carrier FequencyMHz)

K = Aperture llumination Congant (unitles)
¢® = Antenna Beamwidth (deges)

Anothe approah to estimating the antenna dimension is baed on bemwidth and frequency.
The antenna dimension to half-power beamwidth and frequameogven in equation 12.

A constant K) is used which corresponds to the aperture illuminationi@sngin table 5.
A uniform illumination is asume unless theemitter antennadaa providefurther information.

TABLE 5
APERTURE ILLUMINATION CONS TANT
[llum ination [llum ination Constant (K)
Uniform 57.3
cos' 70.0

The horizontal or vertical antenna dimensions are estimated theirmgrrespondingzimuth and
elevation beamwidth. Wen appropriate, the ordinate dimension could be divided into thefarea
equation 11 to determine the unknown ordinate dimension. The apagiestimatedy these
methods would be iterated until a reasonablewses derived for use in the near-field estimates.

There are othe techniques thd could beusel to estimate beamwidth and gain. However, this
neverwasnecessarypecausehte dah source ahostalways had angnna gin and beamwidth. In

a few situations effectiveradiated power (ERP, r = 0) was/gn with no further antenna data.
This was thesituaion for broalcast TV and radio. In these situaions, the gain was assume to be

1 and, later in the stugdyhe sizs of typical antenna sfems were determinexhd usedfor the
HIRF calculation. The specific characteristics for each emitter driver are described in
appendixD.
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4.4.2.3 Circular Aperture

Circular aperturesrefer to transmissionline to space wave couplers that are tralgircle in
shape. Eanples of such aparte are paraba dish, crcular plnararray log spirals, and
circular horns.The near-fieldreductionfor eitheraxs is gven in table 6 and shown in ice 4.
The @in reduction is yen as linear factor®r a uniform power distribution and for several
illumination distributions aafundion of theaperture curvaure (p).

TABLE 6
CIRCULAR AP ERTURE NEAR-FIELD CORRECTION

Norm alized Distance Ac

Ac | Uniform | (1-p)" | (1) | (1-p)°
0.01 26 27.7 59.0 103.5
0.02 26 28.1 59.2 102.5
0.03 26 30.1 59.4 102.0
0.04 26 31.9 59.7 102.0
0.05 26 33.5 60.7 101.0
0.06 26 35.0 62.6 98.0
0.07 26 37.0 63.7 92.0
0.08 26 39.0 63.5 84.0
0.09 26 40.0 61.0 77.0
0.10 26 40.7 56.0 69.0
0.15 24 29.0 32.0 35.0
0.20 18 19.5 20.1 22.0
0.30 9.5 10.5 10.5 11.0
0.40 5.5 6.0 6.0 6.0
0.50 3.5 3.9 3.9 3.5
| 1.00 1 1.0 1.0 1.0
110
100 — (1-p%°
90 \\
_ 80 \\\ 21 pz)z
g
£ 60 A
5 50 AN Y
‘g \\ \ 17
E 40 ] T \\
30
20 Unif orm
10
o —
0.01 0.1

FIGURE 4
NEAR-FIELD CORRECTION F ACTORS FOR CIRCULAR AP ERTURES
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Equation 13

lg= (5.8384 20°) f B d, \Where:

l¢ = Constant for Btimating lllumination Ostribution
d. = Circular Aperture Dameter (neter)

f =Transniiter Carrier Frequency(MH?2z)

B = Beanwidth of Antenna at the 3 dB Points (degs)

To determinethe type of illumination distribution, it must beigen as part of the antenna data or
it can be calculated from the antenna diameter and beamwidth acgiagjon 13.llumination
tapers above (p?)° are omitted sin@ the gain redudion in the near field would beamost
negligible. When I is found to be border line between the two orders of illumination, tteeihig
order is used since the power densitythe near field willbe greaterand, therefore,more
consevative. Once the vdue for theillumination distribution onstant is @culated, usetable 7

to estimate the correspondiiiggmination type.

TABLE 7
ILLUMINATION DIS TRIBUTION F OR CIRCULAR AP ERTURE
Limits of I4 Estimated Illu mination
1.02-1.27 Uniform
1.27-1.47 (1-p)* Taper
1.47-1.65 (1-p%)? Taper
1.65-1.81 (1-p%)° Taper

Next, thedistancerom the antenna must be normalizbydividing by the far-field boundaryor
the givendiameter of the crcular apemire. The norrdized dstance {;) is deéermined by using
equation 14.

Equation 14
\Where:
A. = Circular Aperture Mrmalized Dstance (unitles)
rf r = Separation Distance or Ra@neters)
A = m f = Transnitter Carrier Fequency(MHz)
d. = Circular Aperture Dameter (metejs

From table 6, find the near-field @n reduction factor () using the illuminations type
(determined byisingequation 13 and table 7) and the nornaalidistance from equation 14.J.

To calculatethe near-fieldpowerdensity equation 5 is used, where the value “r’ is set at the far-
field boundaryusingequation4 and the circular’'s near-field reduction factgg) (as deermined
above. The resultinggquation is shown in equation 15.

26



NAWCADPAX--98-156-TM

Equation 15 Where-
. P, = Power Densty (wattgmetef)
P - 300PG Xc P = Transnitter Qutput Power (watt9
b 1604 f G = Antenna Gin (unitles)

Xc = Near-keld Gain Reduction BEctor (unitles)
d. = Circular Aperture Dameter (metejs

n = The Constant Pi (3.141592...)

f = Fequencyof Trangnitter (MHz)

4.4.2.3.1Derivation of Antenna Size

The diameterof circular apertures is the most critical parameter in det@ng the near-field
powe density as it was with rectangular apertures. In somesitudions, duringthe evaludion of
the emitter, the antennasizemay not begiven in thedaa bases. The following techniques were
usd to estimate the sizeof theantennafrom theavailable daain a manne similar to rectangular
apertures. After usingthese techniques, theemitter was mmpaed to theothe possibledrivers. If

it was determined tha the emitter was close or was the driver, then furthe research was
conductedto determinethe exact siz of the aperture. The followindiscussion provides the
details on how the antennaeimas derived for the earbnalsis.

Equation 16
9 , \Where:
42 G 12 d. = Antenna Dameter (metejs
c= f = Transnitter Carrier Fequency(MH2z)
8’ ol 30¢° G = Antenna Gin (unitles)

o = Antenna Hficiency(unitles)
I = Antenna Rctor (unitles)
n = The Constant Pi (3.1415...)

For the cases where the antenaia grequencyand basic descripticaregiven,equationl6 was
usal to estimate thesize

Equation 16 is derived from the classical formula ukgddeterminingthe antennagain, but
solval for theantennaarea. For acircular aperture, the diameter is degermined by substitutingin

the fornula for he area of a nile (Area=21r?) thendoublingthe radius to @ the diameter. The
anenna effciency (o) used in equation 16 is a ratio§ how well the antennaemits the input
power.Antennaefficiencyis usuallybetween0.5and 0.99, with a gical value of 0.55. & the
antenna size, estimatirige antenna efficiencyalue assumed was 0.55, unless the antenna data
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provide further information. Also, equation 16 uses anteamafgctor (I") which is linked to the
antenna illumination. Table 8 gves the gin factors possible for rectanlgr apertures
illumination. Again, uniform illumination is assumed, unlets® antennadata provide further
information.

TABLE 8
GAIN FACTORS FOR CIRCULAR ANTENNAS
[llum ination Gain Factor (I
Uniform 1.0
(103" 0.75
(1-p%? 0.56
(1-0%° 0.44

The gpproah to etimating the antenna diameter is based on bemwidth and frequency. The
antenna diameter as a function of half-power beamwidth and freqgisegiegn in equation 17.

Equation 17
\Where:
fk d. = Antenna Dameter (metejs
d.= f = Trangnitter Carrier Fequency(MHz)
$300 kK = Aperture llumination Congant (unitles)
¢ = Antenna Beamwidth (deges)

The constantK) is used which corresponds to the aperture illuminagen in table 9.
A uniform illumination is asume unless theemitter antennadaa providefurther information.

TABLE 9
APERTURE ILLUMINATION CONS TANT
[llum ination [llum ination Constant (K)
Uniform 57.3
(1-p9)" Taper 65

The aperture size estimated these methods would be iterated until a reasonablewsize
derived for use in the near-field estimates.

There are othe techniques thda could beusel to estimate beamwidth and gain. However, this
never was necessabecausehe dah source ahost always had anennagain and beanwidth.
The specific characteristics used for each emitter driver are described in agpendix

4.4.2.4 BeamForming Antennas and Arrays

Beamforming anennas and arr&may come as recangular or circular antennas.The purposeof
this section is to aid in understandingw antenna Sgems were anatgd.
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4.4.2.4.1 Slotted Arrays

Slotted arraymay be madein arectangular matrix or in a crcular planar arrayln ether case,he
size of the antenna was taken from the overak sizthe rectanglar matrixor circular array

4.4.2.4.2Circular Dish

Dish aatennas ma beilluminated by a horn, dipols, or logperiodic. The antennas then directly
or indirecty reflectto a refecor thatis circular with sorme curvatre. Thesize of this anenna
aperture is based solebn the diameter of the reflector. Nonetb& other componentsvere
consdered.

4.4.2.4.3 Dipole Arrays

Dipole arrag are used for evettying from broadcasturiain array anennasto radaranennas.
The radar antennas that use dipole arheywe their aperture dimension basedra@overall size

of thedipolearray HF broadcasturtainarrayantennas are unique in that theesf the antenna
is based on the active portion of the antennaicByly, the phgical antennas constructedof
three or nore bands of aehnas, ereed serally nex to each dier. Furhernore, within a given
band,the operator of the antenna melgct to transmit on select dipole elements in the array
further complicating determining the size of the antenna The vertical size has a additiond
factor in thatreflecied mage of the anénna b also partof the verical size. Thereforeratherthan
usingthe phgical siz of the antenna, it is better to use the hartal and vertical beamwidth
data and deive the éectrica equivdent sizes. Usingthis approah to determining the sizeof the
antennathe gain to be used for HElipole arrag alreadyinclude the constructive interference of
the refeced wave.

4.4.3 AVERAG E AND PEAK POWER

The emitter characteristics were andyzed to deermine the average and pek powe densities. As
detailedin the assumptiorfor systems usingAM, FM, or PCM modulations, such as AMME
and TV broalcast, the pesk powe was se a the transmittes CW output rang, and average
power was set equal to peak powem Iradar application, the equipment modulation
characteristics are used. The simplest vgap know theransmitterduty cycle (or duty in %).
Peak and average transmitte powe outputs &e related as shown in guaion 18.

Equation 18 Where-

D = Duty Cycle (unitles, duty100)
Prp = Transnitter Reak Qutput (watt9

Pra= PrpD Pra = Trangnitter Average Qutput (wattg

If the dutycycle is not known, then the pulse width and pulspetition rate are used to
determine the dutgycle usingequation 19.
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Equation 19 Where:

D = Duty Cycle (unitless)
Tw = Transnitter Pulse Width (nsec)

D= TwFs Fr = Transnitter Pulse Repetition Frequency(kHz)

4.4.4 DIRECT ILLUMINATION

Direct illumination of an emitter occurs whe an arcraft can bein theman beam of theantenna
Rotoraaft were dmost dways possibleof bang illuminated by the man beam of the antenna
because the separation distance from the emitter was a bubble of a 100 ft radius frounithe g
up and around the emitterixied wing aircraft would encountdhis situationwhenthe emitter
has no restriction where it could radiate its main beam of gn€hg power densitysed is as
calculatedabove using the gain of the antenna at the 3 dBoint. The power densitis not
increased for themaximum possiblegain.

4.4.5 SLANT ILLUMINATION

The slant illumination is theresult of ax emitter having a maximum devation angle tha theman
beam of the antenna can berased to. Thefixed wing arcraft are limited to minimumemitter
ground separations of 500 ft and Ingg. This situation is illustrated in fige 5.

500' Direct Range

1000' Slant Range ”ﬂ

\,099..&&..... -
o 30 degrees
: X elevation

FIGURE 5
ILLUS TRATION OF SLANT ILLUMINATION
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In the above situation, the aircraft isifig 500 ft above thergund based emitter (the hbtgpf

the emitter is assume to beinsignificant). Theemitter antennaman beam elevation is limited to

a maxmum ande of 30 degAt 1,000 ft fromthe emitter,the aircraft encountershe maxmum
illumination (man beam) of the emitter's antenna As it flies close, the aircraft will only
encountemuchlower sidelobeilluminations. The distance at which the aircraft encounters the
maximum illuminaion from an eevation limited antennaman beam is clled slant range.

Many ground based emitters have limited elevationlesgror all these emitters, it was
appropriateto use the slant raegfrom the emitter (rather than 500 ft direct illumination) to
estimate the powe densities.

4.4.6 OVERHEAD ILLUMINATIONS

Anothe aspect of devation limited antennas is thepossibilityof a higher overhead powe density
than experienced a theslant range. FHgure 6 illustraes an exaggerated version of this situaon.

Overhead Sidelobe

Elevation Limited Mainlobe

FIGURE 6
ILLUS TRATION OF OVERHEAD ILLUMINATION

In the illustration, the aircraft is now over the top of an emitter who main beam (main lobe) is
limited in elevation.The aircraftto emitter separation is at the minimum separation distance, in
the exampleit is 500 ft. In these situations, the aircraft will bepesed to the side lobe of the
antenna.lf the side lobe level was known for an emitter, it was used. The default value if
unknown was set to 15 dielow the main lobe.

The power densityor overhead illumination was estimated for each elevdtioited emitter
usingthese methods.
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4.4.7 POWER DENSITY TO FIELD STRENGTH

The last stepin the HIRF calculation was the conversion to field intensiBach of the power
densities (peak, averagoverhead, etc.) were converted to equivdieft strengh valuesusing
the mpedance of free space §120t or 377 ohms) as shown in equation 20.

Equation 20
Where:
E = Electric Feld Intengty (voltsmeter)
E= (Py2yw? Ps = Power Dendty (wattdmeter)
Z =Impedance ofree pace air (12 or 377 ohms)

The narrativeon power densityto field strengh conversions eerpted from the HRF user’s
manual is provided in appendiX. It is provided for additional reference on electric field
intensityconversion and backgund on rms engeeringconventions.

The resulting dectric field intensities wae usal to find thehighest driver emitter for pesk field
intensityand the higest emitter driver for the avemagjeld intensityfor each of the 17 bands.

4.4.8 NEAR-FIELD ANALYSIS

In the near ®ld, the field may acually be hgher furher out This effectoccurs becausée field

is going in andout of constructivephasingas it develops into a plane wave. To determine if this
was of concern for an emitter, the near-field correction values and near-field intensities were
evaluated from the minimum separation distance out to the far fieddrelS 7 and &are
exanples of whereltis anaysisis used.

Used Normalized Range

50.00

40.00 +

30.00 —m— Range used for

Correction
——(1-p2)1

20.00 +

Correction Factor

10.00 -

0.00 ‘ ‘ ‘ ‘
0.00 0.10 020 0.30 0.40 0.50

Normilized Range

FIGURE 7
EXAMP LE OF NEAR-FIELD CORRECTION FACTOR
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Field Strength V ariation

1,520.00
1,500.00 1
1,480.00 1
1,460.00 1
1,440.00 1
1,420.00 1
1,400.00 1
1,380.00 1
1,360.00 | >
1,340.00 1
1,320.00 1
1,300.00

Field Strenght (V/m)

0 200 400 600 800 1000 _
——Peak
Path (ft)

FIGURE 8
EXAMP LE OF NEAR-FIELD STRENGTH

Noticethatin figure 7 the near-field correction peaks at 0.1 norredliang. This indicates the
possibilityof ahigher field farther away than theminimum range. Figure 8 would beandyzed to
see if the variation in the near-field correction value resulted in an anamthlyfall off of the
field intensity These eamples were taken from the Termimxdppler WeatherRadaroperating

in the 4 to 6 GHzang, the field intensityat 100 ft was 1,493 V/rthenproceededo decrease,
thenincreasdo a hidher value of 1,514 V/m at 500 fTherefore, the distance for the Rotorcraft
Severe Environment used the field intensitithe 500 ft distance number instead of the fatld
the minimum distanceset by the assumptions of 100 ft.This analgis was performed on all
emitters.
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5. U.S HIRF ENVIRONMENTS

This setion presents theresults of theHIRF survey. Theresulting U.S. Rotoraaft Severe, Fixed

Wing Severe, Certification, and Normal Environments are presented. A discdsimms each
environmenton the emitters considered for each emitter, the drivers, and other relevant study
results. Providd in Setion 6 ae the higher powe emitters tha were eliminated from
consderaton becausethey were exluded bythe assumtions or are recomended © be
identfied in a $ecial Use Arspacem Aeronautcal Chart.

5.1 U.S. ROTORCRAFT SE¥RE ENVIRONMENT

The U.S. Rotorcaft Severe HIRF Environmat is aworst case estimate of the electromagnetic
field strengh levels in the airspace in which rotorcraft lfligoperations are permitted. The
assumptionsfor this environment were ddailed in Setion 3. Thestudy deermined the five
highest possibledrivers and theresultingmaximum pesk and average EME.

5.1.1 DRIVERS

This studyidentified the emitters listed in table 10 & the five pesk drivers and teble 11 & the
avera@ five drivers for the band of the U.S. Rotorci@évereEnvironment.Where possible,
otherlower power emitterdrivers analyed are listed. However, duplicate drivers are shown to
indicake that there are severdiocaions whch operag¢ the driver and dkrnakes were not
considered. The path, rasygand comment are algwovided in the tablesfor eachemitter
analzed. The nurber one drer charaddristics and angisis are presert in appendi D.

TABLE 10
EMITTER DRIVERS F OR THE PEAK FIELD INTENSITY
U.S. ROTORCRAFT SEVERE ENVIRONMENT

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 KHz FRT-87 FRT-3 FRT-31 FRT-87 FRT-3
PeakField Stregth (V/m) 127 127 127 127 127
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 iHz FPN-45A FRT-87 FPN-42 FPN-44 FPN-64
PeakField Stregth (V/m) 180 143 127 127 114
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 10 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
500 kKHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
PeakField Stregth (V/m) 67 67 67 67 67
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW TPS-71
Broadcas Broadcas Broadcas Broadcas
PeakField Stregth (V/m) 318 318 318 318 218
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
PeakField Stregth (V/m) 71 71 71 71 71
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
PeakField Stregth (V/m) 82 82 82 82 82
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) [ (174-198 MHz) | (174-198 MHz) | (174-198 MHz)
PeakField Stregth (V/m) 140 140 140 140 140
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 VHz TV Ch1143 | TV Ch11413 | TV Ch1113 | TV Ch1113 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
PeakField Stregth (V/m) 140 140 140 140 140
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 VHz TV Ch1452 | TVCh1452 | TVCh14562 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
PeakField Stregth (V/m) 402 402 402 402 402
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 10 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
700 MHz to 1 GHz SPS49 SPS49 SPS49 SPS49 TV Ch 5269
(701806 MHz)
PeakField Stregth (V/m) 430 430 430 430 402
Path (ft) 500 500 500 500 100
Comment| ShipSystem | ShipSystemy | ShipSystem | ShipSystem Non Airport,
direct direct direct direct direct
1 GHzto2 GHz ARSR-1D ARSR-3 FPS-64 FPS-65 FPS-66
PeakField Stregth (V/m) 6,057 5,080 5,037 4,596 3,820
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 GHzto 4 GHz WSR-88 WSR-88 CIMERON SPS48 SPy-1
PeakField Stregth (V/m) 3,351 3,351 2,759 2,404 2,204
Path (ft) 430 430 450 500 500
Comment| Airport, direct | Airport, direct | Non Airport, ShipSystem | Ship System
direct direct direct
4 GHz to 6 GHz FPS-16V FPS-16 TDWR TDWR TDWR
PeakField Stregth (V/m) 9,179 9,179 1,514 1,514 1,514
Path (ft) 100 100 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
6 GHz to 8 GHz FSC9 FSC9 FSC9 FSC¥9 FSC79
PeakField Stregth (V/m) 125 125 125 125 125
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz TPQ-39 NIKE- WECTRGTTR GPN-22 TPN-25
HURCLES CKNGRDR
PeakField Stregth (V/m) 7,430 7,103 6,720 2,318 2,318
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, | AirportFixed | Airportother,
direct direct direct other, direct direct
12 GHz to 18 (Hz SAT BUS SYS| HAC6531 ASDE-3 ASDE-3 ASDE-3
PeakField Stregth (V/m) 578 558 232 232 232
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, | Airportfixed | Airportfixed | Airportfixed
direct direct other, direct other, direct other, direct
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TABLE 10 (continued)

18 GHz to 40 GHz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
PeakField Stregth (V/m) 1,008 1,008 1,008 1,008 1,008
Path (ft) 100 100 100 100 100
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
TABLE 11
EMITTER DRIVERS F OR THE AVERAG E FIELD INTENSITY
U.S. ROTORCRAFT SEVERE ENVIRONMENT
Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 Kz FRT-87 FRT-31 FRT-3 FRT-64 FRT-72
Average Field Stregth (V/m) 127 127 127 127 57
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Kz FRT-87 FRT-72B FRT-72 FRT-72 FRT-72
Averag Field Stregth (V/m) 143 57 57 57 57
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
500 kKHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
Averag Field Stregth (V/m) 67 67 67 67 67
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW VOA/SW
Broadcat Broadcat Broadcat Broadcat Broadcat
Average Field Stregth (V/m) 318 318 318 318 218
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch2-6 TV Ch2-6 TV Ch2-6 TV Ch2-6 TV Ch2-6
(4768 MHz) (4768 MHz) (4768 MHz) (4768 MHz) (4768 MHz)
Average Field Stregth (V/m) 71 71 71 71 71
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct

38




NAWCADPAX--98-156-TM

TABLE 11 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
Average Field Stregth (V/m) 82 82 82 82 82
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) [ (174-198 MHz) | (174-198 MHz) | (174-198 MHz)
Average Field Stregth (V/m) 140 140 140 140 140
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 MHz TV Ch1143 | TV Ch11413 | TV Ch1113 | TV Ch1113 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
Average Field Stregth (V/m) 140 140 140 140 140
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 MHz TV Ch1452 | TVCh1452 | TVCh14562 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
Average Field Stregth (V/m) 402 402 402 402 402
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 SPS49
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
Average Field Stregth (V/m) 402 402 402 402 79
Path (ft) 100 100 100 100 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Ship System
direct direct direct direct direct
1 GHzto 2 GHz FPS-64 FPS-66 FPS-66A FPS-65 ARSR-3
Average Field Stregth (V/m) 232 232 174 152 137
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2CGHzto 4 CHz SPS48 WSR-88 WSR-88 CIMERON SPy-1
Average Field Stregth (V/m) 291 127 127 100 65
Path (ft) 500 100 100 100 500
Comment| ShipSystem | Airport, direct | Airport, direct | Non Airport, Ship System
direct direct direct
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TABLE 11 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
4 GHz to 6 GHz FPS-16V FPS-16V TDWR TDWR TDWR
Average Field Stregth (V/m) 116 116 70 70 70
Path (ft) 100 100 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
6 GHz to 8 CHz FSC9 FSCv9 FSC9 FSC¥9 FSC¥9
Average Field Stregth (V/m) 76 76 76 76 76
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz TPQ-39 GPN-22 TPN-18 NIKEHURCLE FSC¥9
S
Average Field Stregth (V/m) 266 99 99 79 73
Path (ft) 100 250 250 100 100
Comment| Non Airport, | Airportother, | Airportother, | Non Airport, Non Airport,
direct direct direct direct direct
12 GHz to 18 (Hz SAT BUS HAC6531 | SAT BUS SYS| SAT BUS SYS| SAT BUS SYS
SYS
Average Field Stregth (V/m) 558 558 558 558 558
Path (ft) 100 100 100 100 100
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
Average Field Stregth (V/m) 18 18 18 18 18
Path (ft) 100 100 100 100 100
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
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5.1.2 PEAK AND AVERAGE DATA

The recommended maximum pek and average field intensities & a fundion of theHIRF bands
for the U.S. Rotorcraft Severe Environment are listed in table 12.

TABLE 12
PEAK AND AVERAGE FIELD INTENSITIES FOR THE
U.S. ROTORCRAFT SEVERE ENVIRONMENT

Range Peak Average

10 kKHz to 100 Hz 127 127
100 KHz to 500 Hz 180 143
500 KHz to 2 MHz 67 67
2 MHz to 30 MHz 318 318
30 MHzto 70 MHz 71 71
70 MHzto 100 MHz 82 82
100 MHzto 200 MHz 140 140
200 MHzto 400 MHz 140 140
400 MHzto 700 MHz 402 402
700 MHzto 1 GHz 430 402
1 GHzto 2 GHz 6,057 232

2 GHzto 4 GHz 3,351 291

4 GHzto 6 GHz 9,179 116

6 GHzto 8 GHz 125 76

8 GHzto 12 GHz 7,430 266
12 GHzto 18 GHz 578 558
18 GHzto 40 GHz 1,008 18

5.1.3 PEAK AND AVERAGE PLOTS

The recommended U.S. Rotorcraft Severe Environment are viglaltgd in figure 9 forpeak
field intensities and figure 10 for theaverage field intensities.
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5.2 U.S. FIXED WING SEVERE ENVIRONMENT

The U.S. kxed Wing Severe HIRF Environmat is aworst @se estimate of the electromagnetic
field strengh levels in the airspace in which & wing flight operationsare permitted. The
assumptionsfor this environment were ddailed in Setion 3. Thestudy deermined the five
highest possibledrivers and theresultingmaximum pesk and average EME.

5.2.1 DRIVERS

This studyidentified the emitters listed in table 13 & the five pesk drivers and teble 14 & the
five avera@ driversfor the band of theiked Wing Severe Environment. iére possible, other
lower power emitter drivers anald are listed. However, duplicate drivers are shtmwndicate
thatthereareseverallocatons whch operag the driver and akrnates were notonsdered. The
number one driver characteristics are presented in appendix

TABLE 13

EMITTER DRIVERS F OR THE PEAK FIELD INTENSITY
U.S. FIXED WING SEVERE ENVIRONMENT

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 KHz FRT-87 FRT-3 FRT-31 FRT-87 FRT-3
PeakField Stregth (V/m) 25 25 25 25 25
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 iHz FPN-45A FRT-87 FPN-44 FPN-42 FPN-64
PeakField Stregth (V/m) 36 29 25 25 16
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
500 kHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
PeakField Stregth (V/m) 27 27 27 27 27
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW TPS-71
Broadcat Broadcabt Broadcat Broadcabt
PeakField Stregth (V/m) 187 187 187 187 13
Path (ft) 500 500 500 500 500 (9584)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct slant
30 MHz to 70 MHz TV Ch 2-6 TV Ch2-6 TV Ch 2-6 TV Ch 2-6 TV Ch2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
PeakField Stregth (V/m) 16 16 16 16 16
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 13 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
PeakField Stregth (V/m) 18 18 18 18 18
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) [ (174-198 MHz) | (174-198 MHz) | (174-198 MHz)
PeakField Stregth (V/m) 29 29 29 29 29
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 MHz TV Ch1143 | TVCh11413 | TV Ch1113 | TV Ch1113 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
PeakField Stregth (V/m) 29 29 29 29 29
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 MHz TV Ch1452 | TVCh1452 | TVCh14562 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
PeakField Stregth (V/m) 80 80 80 80 80
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 SPS49
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
PeakField Stregth (V/m) 80 80 80 80 67
Path (ft) 500 500 500 500 500 (3,206)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Ship System
direct direct direct direct slant
1 GHzto 2 GHz ARSR-3 FPS-64 ARSR-1 FPS-65 ARSR-2
PeakField Stregth (V/m) 781 407 384 372 371
Path (ft)] 500 (1.002) 500 (3,842) 500 (3,842) 500 (3,842) 500 (3,842)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
slant slant slant slant slant
2CGHzto 4 CHz WSR-88D WSR-88D CIMERON SPS48 SPy-1
PeakField Stregth (V/m) 3,002 3,002 2,783 2,275 2,204
Path (ft)) 500 (578) 500 (578) 500 500 (553) 500
Comment| AirportFixed | AirportFixed | Non Airport, ShipSystem | Ship System
radar, fan radar, fan direct slant direct
4 GHz to 6 GHz FPS-16V FPS-16 TDWR TDWR TDWR
PeakField Stregth (V/m) 5,449 5,449 1,442 1,442 1,442
Path (ft) 500 500 500 (578) 500 (578) 500 (578)
Comment| Non Airport, Non Airport, Non Airport, | AirportFixed | AirportFixed
direct direct slant radar, fan radar, fan
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TABLE 13 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
6 GHz to 8 GHz FSC9 FSC9 FSC9 FSC¥9 FSC¥9
PeakField Stregth (V/m) 125 125 125 125 125
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz TPQ-39 NIKE- WECTRGTTR GPN-22 TPN-25
HURCLES CKNGRDR
PeakField Stregth (V/m) 2,198 2,019 2,002 1,954 1,954
Path (ft) 500 500 500 250 (289) 250 (289)
Comment| Non Airport, Non Airport, Non Airport, | Airportfixed | Airportfixed
direct direct direct other, dant other, dant
12 GHz to 18 (Hz SAT BUS SYS| HAC6531 ASDE-3 ASDE-3 ASDE-3
PeakField Stregth (V/m) 343 343 188 188 188
Path (ft) 500 500 250 250 250
Comment| Non Airport, Non Airport, | Airportfixed | Airportfixed | Airportfixed
direct direct other, direct other, direct other, direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
PeakField Stregth (V/m) 688 688 688 688 688
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
TABLE 14
EMITTER DRIVERS F OR THE AVERAG E FIELD INTENSITY
U.S. FIXED WING SEVERE ENVIRONMENT
Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 Kz FRT-87 FRT-3 FRT-31 FRT-31 FRT-64
Average Field Stregth (V/m) 25 25 25 25 25
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Hz FRT-87 FRT-72B FRT-72 FRT-72 FRT-72
Average Field Stregth (V/m) 29 11 11 11 11
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 14 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
500 kKHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
Average Field Stregth (V/m) 27 27 27 27 27
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW VOA/SW
Broadcas Broadcas Broadcas Broadcas Broadcas
Average Field Stregth (V/m) 187 187 187 187 187
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
Average Field Stregth (V/m) 16 16 16 16 16
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
Average Field Stregth (V/m) 18 18 18 18 18
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) [ (174-198 MHz) | (174-198 MHz) | (174-198 MHz)
Average Field Stregth (V/m) 29 29 29 29 29
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 VHz TV Ch1143 | TV Ch11413 | TV Ch1113 | TV Ch1113 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
Average Field Stregth (V/m) 29 29 29 29 29
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 VHz TV Ch1452 | TVCh1452 | TVCh14562 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
Average Field Stregth (V/m) 80 80 80 80 80
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 SPS49
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
Average Field Stregth (V/m) 80 80 80 80 12
Path (ft) 500 500 500 500 500 (3,206)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Ship System
direct direct direct direct slant
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TABLE 14 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
1 GHzto 2 GHz ES11160 LOEARTS ARSR-3 FPS-64 ASR4
Average Field Stregth (V/m) 73 73 21 19 19
Path (ft) 500 500 500 (1,003) 500 (3,842) 500 (1,003)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct slant slant slant
2CGHzto 4 CHz SPS48 WSR-88 WSR-88 CIMERON SPy-1
Average Field Stregth (V/m) 275 135 135 100 65
Path (ft)) 500 (553) 500 (578) 500 (578) 500 500
Comment| ShipSystem | AirportFixed | AirportFixed | Non Airport, Ship System
slant radar, fan radar, fan direct direct
4 GHz to 6 GHz FPS-16V FPS-16 TDWR TDWR TDWR
Average Field Stregth (V/m) 69 69 66 66 66
Path (ft) 500 500 500 (578) 500 (578) 500 (578)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct Slant Slant Slant
6 GHz to 8 CHz FSC9 FSC9 FSC9 FSC¥9 FSC¥9
Average Field Stregth (V/m) 76 76 76 76 76
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz TPQ-39 GPN-22 TPN-18 FSC¥9 FSC¥9
Average Field Stregth (V/m) 84 83 83 73 73
Path (ft) 500 250 (289) 250 (289) 500 500
Comment| Non Airport, | Airportfixed | Airportfixed | Non Airport, Non Airport,
direct other, dant other, dant direct direct
12 GHz to 18 (Hz SAT BUS SYS| HAC6531 | SAT BUS SYS| SAT BUS SYS| SAT BUS SYS
Average Field Stregth (V/m) 343 343 343 343 343
Path (ft) 500 500 500 500 500
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
Average Field Stregth (V/m) 12 12 12 12 12
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
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5.2.2 PEAK AND AVERAGE DATA

The recommended maximum pek and average field intensities & a fundion of theHIRF bands
for the U.S. xed Wing Severe Environment are listed in table 15.

TABLE 15
PEAK AND AVERAGE FIELD INTENSITIES FOR THE
U.S. FIXED WING SEVERE ENVIRONMENT

Range Peak Average

10 kHz to 100 KHz 25 25
100 KHz to 500 Kz 36 29
500 KHz to 2 MHz 27 27
2 MHz to 30 MHz 187 187
30 MHzto 70 MHz 16 16
70 MHzto 100 MHz 18 18
100 MHzto 200 MHz 29 29
200 MHzto 400 MHz 29 29
400 MHzto 700 MHz 80 80
700 MHzto 1 GHz 80 80
1 GHzto 2 GHz 781 73

2 GHzto 4 GHz 3,002 275

4 GHzto 6 GHz 5,449 69

6 GHzto 8 GHz 125 76

8 GHzto 12 GHz 2,198 83
12 GHzto 18 GHz 343 343
18 GHzto 40 GHz 668 12

5.2.3 PEAK AND AVERAGE PLOTS

The recommendedJ.S. Fixed Wing Severe Environment are visualotted in figure 11 for
pesk field intensities and figure 12 for theaverage field intensities.

48



NAWCADPAX--98-156-TM

US Fixed Wing Severe HIRF

Peak EME
10000
1000 ¢ rl
E |—|
2
£
g 100
n
o  —
2
10 ¢
1
0.01 0.1 1 10 100 1000 10000 100000
Frequency ( MHz)
FIGURE 11
PEAK U.S FIXED WING SEVERE ENVIRONMENT
US Fixed Wing Severe HIRF
Averag e EME
10000
1000
E
2
: I
g 100 "
n
=]
°
L
10
1
0.01 0.1 1 10 100 1000 10000 100000

Frequency ( MHz)

FIGURE 12
AVERAGE U.S FIXED WING SEVERE ENVIRONMENT

49



NAWCADPAX--98-156-TM

5.3 U.S. AIRCRAFT CERTIFICATION ENVIRONMENT

The U.S. Cetification HIRF Environment is an estimate of the eectromagnetic field strength
levels in the airspace in which flig operationsare permitted. The assumptionsfor this
environment were detailed in Section 3. The stdeiermined the fivénighestpossibledrivers
and theresultingmaximum pek and average EME.

5.3.1 DRIVERS

This studyidentified the emitters listed in table 16 & the five pesk drivers and teble 17 & the
five avera@ drivers for the band of the U.S. Certification Environment applicablieoth
rotoraaft and fixed wing aircraft. When thesane emitter is listed for morethan onedriver, this
is because there are more than one to fivenore of that emitter. The numberone driver
characeristics are preseatl in appendi D.

TABLE 16
EMITTER DRIVERS F OR THE PEAK FIELD INTENSITY
U.S CERTIFICATION ENVIRONMENT

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 KHz FRT-87 FRT-3 FRT-31 FRT-31 FRT-64
PeakField Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Kz FPN-45A FRT-87 FPN-44 FPN-42 FPN-64
PeakField Stregth (V/m) 18 14 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
500 kHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
PeakField Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW TPS-71
Broadcabt Broadcabt Broadcat Broadcabt
PeakField Stregth (V/m) 113 113 113 113 65
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
PeakField Stregth (V/m) 8 8 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 16 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
PeakField Stregth (V/m) 9 9 9 9 9
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch 711 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) | (174198 MHz) | (174-198 MHz) | (174198 MHz)
PeakField Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 MHz TV Ch1143 | TVCh114143 | TV Ch11413 | TV Ch1143 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
PeakField Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 MHz TV Ch14bh2 | TVCh1452 | TV Ch1452 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
PeakField Stregth (V/m) 40 40 40 40 40
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 SPS-4
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
PeakField Stregth (V/m) 40 40 40 40 34
Path (ft) 1,000 1,000 1,000 1,000 1,000 (6,412)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Ship System
direct direct direct direct slant
1GHzto2 GHz ARSR-3 FPS-64 ARSR-1 FPS-65 ARSR-2
PeakField Stregth (V/m) 406 203 192 186 185
Path (ft)] 1,000 (2,006)| 1,000 (7,208)| 1,000 (7,685)| 1,000 (7,688)| 1,000 (7,685)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
slant slant slant slant slant
2CGHzto 4 CHz WSR-88 WSR-88 SPy-1 CIMERON SPS48
PeakField Stregth (V/m) 3002 3002 2204 1,940 1,589
Path (ft)] 500 (578) 500 (578) 1,000 1,000 1,000 (1,105)
Comment| Airport, dart | Airport, dart | Ship System Non Airport, Ship System
direct direct slant
4 GHz to 6 GHz FPS-16V FPS-16 TDWR TDWR TDWR
PeakField Stregth (V/m) 2,800 2,800 1,341 1,341 1,341
Path (ft) 1,000 1,000 1,000(1,157) | 1,000(1,157)| 1,000(1,157)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct slant slant slant

51




NAWCADPAX--98-156-

™

TABLE 16 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
6 GHz to 8 CHz FSC9 FSC9 FSC9 FSC¥9 FSC¥9
PeakField Stregth (V/m) 125 125 125 125 125
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz GPN-22 TPN-25 TPQ-39 WECTRGTTR NIKE-
CKNGRDR HURCLES
PeakField Stregth (V/m) 1,954 1,954 1,240 1,174 1,137
Path (ft)] 250 (289) 250 (289) 1,000 1,000 1,000
Comment| Airportfixed | AirportFixed | Non Airport, Non Airport, Non Airport,
other, dant radar, fan direct direct direct
12 GHz to 18 (Hz ASDE-3 ASDE-3 ASDE-3 SAT BUS SYS| HAC6531
PeakField Stregth (V/m) 188 188 188 176 176
Path (ft) 250 250 250 1,000 1,000
Comment| Airportfixed | Airportfixed | Airportfixed | Non Airport, Non Airport,
other, direct other, direct other, direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
PeakField Stregth (V/m) 688 688 688 688 688
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
TABLE 17
EMITTER DRIVERS F OR THE AVERAG E FIELD INTENSITY
U.S CERTIFICATION ENVIRONMENT
Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 Kz FRT-87 FRT-3 FRT-31 FRT-31 FRT-64
Average Field Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Hz FRT-87 FRT-72B FRT-72 FRT-72 FRT-72
Average Field Stregth (V/m) 14 6 6 6 6
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 17 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
500 kHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
Averag Field Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW VOA/SW
Broadcabt Broadcat Broadcabt Broadcat Broadcabt
Average Field Stregth (V/m) 113 113 113 113 113
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch2-6 TV Ch2-6 TV Ch2-6 TV Ch2-6 TV Ch2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
Averag Field Stregth (V/m) 8 8 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
70 MHz to 100 MHz FM Rado FM Rado FM Rado FM Rado FM Rado
Averag Field Stregth (V/m) 9 9 9 9 9
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) [ (174-198 MHz) | (174-198 MHz) | (174-198 MHz)
Average Field Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 VHz TV Ch1143 | TV Ch11413 | TV Ch1113 | TV Ch1143 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
Average Field Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 VHz TV Ch1452 | TVCh1452 | TV Ch1452 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
Average Field Stregth (V/m) 40 40 40 40 40
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 SPS49
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
Average Field Stregth (V/m) 40 40 40 40 6
Path (ft) 1,000 1,000 1,000 1,000 1,000 (6,413)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Ship System
direct direct direct direct slant
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TABLE 17 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
1 GHzto 2 GHz ES-11160 LOEARTS ARSR-3 ARSR-4 FPS-64
Average Field Stregth (V/m) 53 53 11 10 9
Path (ft) 1,000 1,000 100 (2,006) | 1,000 (2,006)| 1,000 (7,685)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct slant slant slant
2 GHzto 4 GHz SPS48 WSR-88 WSR-88 CIMERON SPy-1
Average Field Stregth (V/m) 192 135 135 70 33
Path (ft)] 1,000 (1,105)| 500 (578) 500 (578) 1,000 (2,933) 1,000
Comment| ShipSystem | AirportFixed | AirportFixed | Non Airport, Ship System
slant radar, fan radar, fan slant Direct
4 GHz to 6 GHz TDWR TDWR TDWR FPS-16 FPS-16
Average Field Stregth (V/m) 62 62 62 35 35
Path (ft)] 1000 (1,157) | 1000 (1,157)| 1000 (1,157) 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
slant slant slant direct direct
6 GHz to 8 GHz FSC9 FSC9 FSC9 FSC¥9 FSC79
Average Field Stregth (V/m) 76 76 76 76 76
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz GPN-22 TPN-18 FSC9 FSC79 TPQ-39
Average Field Stregth (V/m) 83 83 73 73 44
Path (ft)] 250 (289) 250 (289) 1,000 1,000 1,000
Comment| Airportfixed | Airportfixed | Non Airport, Non Airport, Non Airport,
other, dant other, dant direct direct direct
12 GHz to 18 (Hz SAT BUS SYS| HAC6531 | SAT BUS SYS| SAT BUS SYS| SAT BUS SYS
Average Field Stregth (V/m) 176 176 176 176 176
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
Average Field Stregth (V/m) 12 12 12 12 12
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
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5.3.2 PEAK AND AVERAGE DATA

The recommended maximum pek and average field intensities & a fundion of theHIRF bands
for theU.S. Cetification Environmat ae listed in teble 18.

TABLE 18
PEAK AND AVERAGE FIELD INTENSITIES FOR THE
U.S. CERTIFICATION ENVIRONMENT

Range Peak Average

10 kHz to 100 KHz 13 13
100 KHz to 500 KHz 18 14
500 KHz to 2 MHz 13 13
2 MHz to 30 MHz 113 113
30 MHzto 70 MHz 8 8
70 MHzto 100 MHz 9 9
100 MHzto 200 MHz 14 14
200 MHzto 400 MHz 14 14
400 MHzto 700 MHz 40 40
700 MHzto 1 GHz 40 40
1 GHzto 2 GHz 406 53

2 GHzto 4 GHz 3,002 192

4 GHzto 6 GHz 2,800 62

6 GHzto 8 GHz 125 76

8 GHzto 12 GHz 1,954 83
12 GHzto 18 GHz 188 176
18 GHzto 40 GHz 688 12

5.3.3 PEAK AND AVERAGE PLOTS

Therecommended).S. CertificationEnvironment are visuallplotted in figure 13 for peak field
intensities and figure 14 for theaverage field intensities.
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5.4 U.S. AIRCRAFT NORMAL ENVRONMENT

The U.S. NormaHIRF Environment is an estimate of thedectromagndic field strength levels in

the airspacein which normal flight operations are permitted. The assumptions for this
environment were detailed in Section 3. The stdeiermined the fivénighestpossibledrivers

and theresultingmaximum pek and average EME.

5.4.1 DRIVERS

This studyidentified the emitters listed in table 19 & the five pesk drivers and teble 20 & the

five averag drivers for the band of the U.S. Normal Environment applicable to both rotorcraft
and fixed wing aircraft. When the same emitter is listed for more than one diiisris because
there are morethan oneto five or moreof tha emitter. Thenumbe onedriver characteristics are
presented in appendix

TABLE 19

EMITTER DRIVERS F OR THE PEAK FIELD INTENSITY
U.S NORMAL ENVIRONMENT

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 Kz FRT-87 FRT-3 FRT-31 FRT-31 FRT-64
PeakField Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Kz FPN-45A FRT-87 FPN-44 FPN-42 FPN-64
PeakField Stregth (V/m) 18 14 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
500 kHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
PeakField Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW TPS-71
Broadcabt Broadcabt Broadcabt Broadcabt
PeakField Stregth (V/m) 113 113 113 113 65
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
PeakField Stregth (V/m) 8 8 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 19 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
PeakField Stregth (V/m) 9 9 9 9 9
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch 711 TV Ch7-11 TV Ch7-11 TV Ch7-11
(174198 MHz) | (174198 MHz) | (174198 MHz) | (174-198 MHz) | (174198 MHz)
PeakField Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 MHz TV Ch1143 | TVCh114143 | TV Ch11413 | TV Ch1143 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
PeakField Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 MHz TV Ch14bh2 | TVCh1452 | TV Ch1452 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
PeakField Stregth (V/m) 40 40 40 40 40
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 | TV Ch5269 NOAA1
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz)
PeakField Stregth (V/m) 40 40 40 40 12
Path (ft) 1,000 1,000 1,000 1,000 1,000 (5,776)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct slant
1GHzto2 GHz ARSR-3 FPS-64 ARSR-1 FPS-65 ARSR-2
PeakField Stregth (V/m) 406 203 192 186 185
Path (ft)] 1,000 (2,006)| 1,000 (7,685)| 1,000 (7,685)| 1,000 (7,685)| 1,000 (7,685)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
slant slant slant slant slant
2CGHzto 4 CHz WSR-88 WSR-88 WSR-88 CIMERON GPN-20
PeakField Stregth (V/m) 3,003 3,003 3,003 1,940 802
Path (ft)] 500 (578) 500 (578) 500 (578) 1,000 250 (501)
Comment| AirportFixed | AirportFixed | AirportFixed | Non Airport, | Airport, dant
radar, fan radar, fan radar, fan direct
4 GHz to 6 GHz FPS-16V FPS-16 TDWR TDWR TDWR
PeakField Stregth (V/m) 2,800 2,800 1,341 1,341 1,341
Path (ft) 1,000 1,000 1,000 (1,157)| 1,000 (1,157)| 1,000 (1,157)
Comment| Non Airport, Non Airport, Non Airport Non Airport Non Airport
direct direct slant slant slant
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TABLE 19 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
6 GHz to 8 GHz FSC9 FSC9 FSC9 FSC¥9 FSC79
PeakField Stregth (V/m) 125 125 125 125 125
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHz to 12 (Hz GPN-22 TPN-25 TPQ-39 WECTRGTTR NIKE-
CKNGRDR HURCLES
PeakField Stregth (V/m) 1,954 1,954 1,240 1,174 1,137
Path (ft)] 250 (289) 250 (289) 1,000 1,000 1,000
Comment| Airportfixed | Airportfixed | Non Airport, Non Airport, Non Airport,
other, dant other, dant direct direct direct
12 GHz to 18 (Hz ASDE-3 ASDE-3 ASDE-3 SAT BUS SYS| HAC6531
PeakField Stregth (V/m) 188 188 188 176 176
Path (ft) 250 250 250 1,000 1,000
Comment| Airportfixed | Airportfixed | Airportfixed | Non Airport, Non Airport,
other, direct other, direct other, direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
PeakField Stregth (V/m) 688 688 688 688 688
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
TABLE 20
EMITTER DRIVERS F OR THE AVERAG E FIELD INTENSITY
U.S NORMAL ENVIRONMENT
Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
10 kHz to 100 Kz FRT-87 FRT-3 FRT-31 FRT-31 FRT-64
Averag Field Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 kHz to 500 Hz FRT-87 FRT-72B FRT-72 FRT-72 FRT-72
Averag Field Stregth (V/m) 14 6 6 6 6
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct

59




NAWCADPAX--98-156-TM

TABLE 20 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
500 kHz to 2 MHz AM Radio AM Radio AM Radio AM Radio AM Radio
Average Field Stregth (V/m) 13 13 13 13 13
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
2 MHz to 30 MHz VOA/SW VOA/SW VOA/SW VOA/SW VOA/SW
Broadcas Broadcas Broadcas Broadcas Broadcas
Average Field Stregth (V/m) 113 113 113 113 113
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
30 MHz to 70 MHz TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch 2-6 TV Ch2-6
(4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz) | (4768 MHz)
Average Field Stregth (V/m) 8 8 8 8 8
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
70 MHz to 100 VHz FM Rado FM Rado FM Rado FM Rado FM Rado
Averag Field Stregth (V/m) 9 9 9 9 9
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
100 MHz to 200 VHz TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11 TV Ch7-11
(1744198 MHz) | (174198 MHz) | (174198 MHz) | (174-198 MHz) | (174198 MHz)
Average Field Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
200 MHz to 400 MHz TV Ch1143 | TVCh114143 | TV Ch11413 | TV Ch1143 | TV Ch11413
(204216 MHz) | (204216 MHz) [ (204216 MHz) | (204216 MHz) | (204216 MHz)
Average Field Stregth (V/m) 14 14 14 14 14
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
400 MHz to 700 MHz TV Ch14bh2 | TVCh1452 | TV Ch1452 | TV Ch1452 | TV Ch1452
(470698 MHz) | (470698 MHz) [ (470698 MHz) | (470698 MHz) | (470698 MHz)
Average Field Stregth (V/m) 40 40 40 40 40
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
700 MHz to 1 GHz TV Ch5269 | TV Ch5269 | TV Ch5269 [ TV Ch5269 | TV Ch5269
(701806 MHz) | (701806 MHz) [ (701806 MHz) | (701806 MHz) | (701806 MHz)
Average Field Stregth (V/m) 40 40 40 40 40
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
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TABLE 20 (continued)

Range Driver #1 Driver #2 Driver #3 Driver #4 Driver #5
1GHzto2 (Hz ES11160 LOEARTS ARSR-3 ARSR-4 FPS-64
Average Field Stregth (V/m) 53 53 11 10 9
Path (ft) 1,000 1,000 1,000 (2,006)| 1,000 (2,006)| 1,000 (7,685)
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct slant slant slant
2GHzto4 (Hz WSR-88 WSR-88 WSR-88 CIMERON GPN-20
Average Field Stregth (V/m) 135 135 135 70 25
Path (ft)] 500 (578) 500 (578) 500 (578) 1,000 250 (501)
Comment| AirportFixed | AirportFixed | AirportFixed Non Airport, Airport fixed
radar, farnt radar, farnt radar, farnt direct other, dant
4 GHz to 6 CHz FPS-16 CP-3 TDWR TDWR FPS-16
Average Field Stregth (V/m) 142 88 64 64 41
Path (ft) 1,000 1,000 (1157) 500 (578) 500 (578) 1,000
Comment| Non Airport, Non Airport, | AirportFixed | AirportFixed Non Airport,
direct slant radar, farnt radar, farnt direct
6 GHz to 8 (Hz FSC79 FSC79 FSC¥9 FSC79 FSC79
Average Field Stregth (V/m) 76 76 76 76 76
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
8 GHzto 12 (Hz GPN-22 TPN-18 FSC¥9 FSC79 TPQ-39
Average Field Stregth (V/m) 83 83 73 73 44
Path (ft)] 250 (289) 250 (289) 500 500 1,000
Comment| Airportfixed | Airportfixed Non Airport, Non Airport, Non Airport,
other, dant other, dant direct direct direct
12 GHz to 18 (Hz SAT BUS SYS| HAC6531 | SAT BUS SYS| SAT BUS SYS| SAT BUS SYS
Average Field Stregth (V/m) 176 176 176 176 176
Path (ft) 1,000 1,000 1,000 1,000 1,000
Comment| Non Airport, Non Airport, Non Airport, Non Airport, Non Airport,
direct direct direct direct direct
18 GHz to 40 (Hz ADSE-2 ADSE-2 ADSE-2 ADSE-2 ADSE-2
Average Field Stregth (V/m) 12 12 12 12 12
Path (ft) 250 250 250 250 250
Comment| Airportfixed | Airportfixed | Airportfixed | Airportfixed | Airportfixed
other, direct other, direct other, direct other, direct other, direct
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5.4.2 PEAK AND AVERAGE DATA

The recommended maximum pek and average field intensities & a fundion of theHIRF bands
for the U.S. Normal Environment are listed in table 21.

TABLE 21
PEAK AND AVERAGE FIELD INTENSITIES FOR THE
U.S. NORMAL ENVIRONMENT

Range Peak Average

10 kHz to 100 KHz 13 13
100 KHz to 500 KHz 18 14
500 KHz to 2 MHz 13 13
2 MHz to 30 MHz 113 113
30 MHzto 70 MHz 8 8
70 MHzto 100 MHz 9 9
100 MHzto 200 MHz 14 14
200 MHzto 400 MHz 14 14
400 MHzto 700 MHz 40 40
700 MHzto 1 GHz 40 40
1 GHzto 2 GHz 406 53

2 GHzto 4 GHz 3,002 135

4 GHzto 6 GHz 2,800 62

6 GHzto 8 GHz 125 76

8 GHzto 12 GHz 1,954 83
12 GHzto 18 GHz 188 176
18 GHzto 40 GHz 688 12

5.4.3 PEAK AND AVERAGE PLOTS

The recommended U.S. Normal Environment are visyaltyted in figure 15 for peaklfield
intensities and figure 16 for theaverage field intensities.
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US Normal HIRF
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6. RECOMMEND SPECIAL USE AIRSPACE EMITTERS

In Section 5, thedriver emitters wee identified. However, thae were many emitters tha were
higher than thedrivers. Theassumptions to desloping the environment allowed for elimination
of these higher powe emitters if they met certain criteria, sud as an emitter located in an SUA.
The following sections will identify those high powe emitters tha were diminated and
recommend appropriate action based on the assumptions.

6.1 EXISTING SUA'S

The emitters in SUA’s wee diminated from onsideation & a driver from the HIRF
environmentsincecivil aircraft are restricted from fligg in that airspace for some reasom. |
most cases,this was becausethe airspace is used for a special militapurpose. tl is
recommendedhat the FAA updatethe following existing SUA, table 22, to include a note
identifying tha HIRF in excess of thesde civil aircraft HIRF levels exist within these SUA's.

TABLE 22
EXISTING SUA’S
Freguency Range Emitter Latitude and Longitude SUA
100200 MHz SPS-28 39.20.52N-118.11.55W | R-4816S
100200 MHz NASA 37.55.46N- 075.28.22W | R-6604
200400 MHz RFCRF72 34.35.35N- 086-35-31W | R-2104
200400 MHz RATSCAT 32.54.30N- 106.24.30W | R-5107B
200400 MHz SAN ENVIRONMENTAL GEN 38.17.15N- 076.24.04W | R-4007
400-700 MHz SPS40 38.09.00N- 076.26.00W | R-4005
400-700 MHz FPS-85 30.34.20N- 086.12.52W | R-2917
400-700 MHz FPS50 64.17.16N- 149.10.58W | R-2206
400-700 MHz FPS-92 64.17.16N- 149.10.58W | R-2206
400-700 MHz FPS-115 41.45.11N- 070.32.18W | R-4101
400-700 MHz UNSWINDPROFILER 34.46.12N- 120.31.52W | R-2517
400-700 MHz LILRSTER 22.08.02N- 159.43.42W | R-3101
7001000 MHz WEST Il 30.29.05N- 086.50.19W | R-2915A
2-4 GHz NASA 35.25.33N-116.53.19W | R-2502N
2-4 GHz SPANDAR 37.51.17N- 075.30.48W | R-6604
2-4 GHz LOE LOAL CONIC 35.07.07N- 116.48.20W | R-2502E
2-4 GHz NASA/JPL 35.20.25N-116.52.27W | R-2502N
2-4 GHz PD12M/FPN-66 35.02.50N- 079.19.45W | R-5311A
2-4 GHz SPY-1 37.56.00N- 075.27.00W | R-6604
4-6 GHz FPQ-14 28.25.29N- 080.39.52W | R-2932
4-6 GHz FPQ-6 37.51.37N- 075.30.35W | R-6604
4-6 GHz TPQ-18 34.39.57N- 120.34.49W | R-2517
4-6 GHz FPQ-16 30.25.17N- 086.47.53W | R-2915C
4-6 GHz FPS-16 34.07.17N-119.09.01W | R-2519
4-6 GHz TRC-170(V2) 31.34.34N- 110.24.26W | R-2303
4-6 GHz FPS-16 32.54.04N- 106.05.55W | R-5107B
4-6 GHz TRACKER RDR 28.28.53N- 080.34.36W | R-2932
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TABLE 22 (continued)

Freguency Range Emitter Latitude and Longitude SUA
4-6 GHz TRC-132 33.01.14N- 114.25.09W | R-2306A
6-8 GHz RADAR 37.18.07N- 116.46.17W | R-4807A
6-8 GHz TPST1 40.09.34N- 113.20.59W | R-6402A
6-8 GHz NASA DSN 35.25.19N- 116.53.11W | R-2502N
6-8 GHz NASA DSN 35.20.00N- 116.50.00W | R-2502N
6-8 GHz TWT/APS 35.14.18N- 116.46.44W | R-2502N
6-8 GHz SAD SIV 30.25.26N- 086.46.18W | R-2915B
6-8 GHz NASA DSN 35.20.19N- 116.53.11W | R-2502N
8-12 GHz RADAR 37.18.50N- 116.47.29W | R-4807A
8-12 GHz NASA 35.25.33N-116.53.19W | R-2502N
8-12 GHz MIDI RADAR 33.00.00N- 106.30.00W | R-5107B
8-12 GHz RADAR 33.08.23N-106.17.07W | R-5107B
8-12 GHz SAD SX 30.29.00N- 086.45.00W | R-2915A
12-18 GHz OA-3390MPA 32.23.00N- 106.29.00W | R-5107B
12-18 GHz SAD SVIII 30.23.33N- 086.44.45W | R-2915C
12-18 GHz MPQ4A 37.01.40N- 077.56.00W | R-6602B,C
12-18 GHz MSQT-12 40.09.34N- 113.20.59W | R-6402A
12-18 GHz HUGTMTU 40.09.34N- 113.20.59W | R-6402A
12-18 GHz GSG411(V)2 32.04.26N- 106.09.07W | R-5103A
12-18 GHz RATSCAT 32.54.30N- 106.24.30W | R-5107B
12-18 GHz GPQ-11(V)1 39.19.21N-118.13.27W | R-4816S
12-18 GHz VITTASETSTY PEI 29.10.22N- 081.42.26W | R-2910
12-18 GHz VITTASETSTY PEI 29.08.33N- 081.42.17W | R-2910
12-18 GHz VITTASETSTY PEI 29.08.27N- 081.38.49W | R-2910
12-18 GHz VITTASETSTY PEI 29.03.36N- 081.37.59W | R-2910
12-18 GHz VITTASETSTY PEI 29.08.04N- 081.45.20W | R-2910
12-18 GHz NIKEMISSLERDR 34.56.43N-117.54.46W | R-2515
12-18 GHz VPQ-1 64.43.11N- 146.31.18W | R-2205
1840 GHz GDE-22 32.55.00N- 106.03.00W | R-5107B
1840 GHz VIT RIR 37.50.28N- 075.29.08W | R-6604A
1840 GHz SPN-46 38.16.54N- 076.23.59W | R-24007

6.2 PROPOSED SUA'S

There were afew emitters thd are not in SUA’s. Thee emitters radiated extremely high intensity
radiated fields. Rather than requiriagcraft to certifyto functionin the HIRF environmentof
these few emitters, it was decided thz HRF communitythat they shouldbe put in SUA’s.
These candidae SUA emitters were thereby diminated as a driver to theHIRF environments. L
is recommendhat the AA create the followingSUA, table 23, to identifyo aircraft operators
tha the emitters contaned within have HIRF greater than the HIRF environment usel to certify
aircraft for safe operation.
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TABLE 23
PROPOSED SUA’S

Frequency Range Emitter Latitude and Longtude | SUA (Radius, Altitu de)
400700 MHz FPQ-16 48.43.33N- 097.54.00W 5 nmi, 30,000 ¢
400700 MHz FPT-5 42.37.10N- 071.29.30W 4 nmi, 23,000 ¢
400700 MHz FPS-115 32.34.49N- 083.34.09W 1 nmi, 6,000 t
400700 MHz FPS-115 30.58.42N- 100.33.09W 1 nmi, 6,000 t
400700 MHz FPS-115 39.08.15N- 121.26.47W 1 nmi, 6,000 t
1-2 GHz FPS-108 52.43.37N- 174.05.49E 45 nmi, unlimited ft
1-2 GHz LIL LONGRNGETRKRDR 42.37.02N- 071.29.29W 0.5 nm, 3,000 f
4-6 GHz FPQ-14 26.58.00N- 080.06.00W 1.0 nmi, 6000 t
4-6 GHz FPQ-14 28.13.34N- 080.35.58W 1.0 nmi, 6000 t
4-6 GHz FPQ-14 21.34.30N- 158.16.30W 1.0 nm, 6000 t

6.3 ELIMINATED EMITTERS

Emitterslistedin table24 were eliminated from the environment because these exluded by
the assumptionsNoted on the right column is thejustification a to why the emitters wee
eliminated from the environment in accordance with the environment assumptibns. |
recommendedhat, if an emitter should chaegts status such that it would not be eliminated
from the environmentthen the emitter should be placed in an SUA with a note to identify
aircraft opaators tha the emitters contaned within have field strengths geater than the HIRF
environment used to certijircraft for safe operation.

TABLE 24
ELIM INATED EMITTERS
Frequency
Range Emitter Latitude - Longitude Justification
200400 MHz | Gila River 33.32.47N- 098.45.46W | (Made d nunerous lowpower emitters
over a very large gegraphic area ¢
acheve far field high gain)

200400 MHz | WEST Il 30.29.20N- 086.30.38W | Assumption # 14 Eypeimentd
400-700 MHz | Lab made 38.18.00N- 097.13.00W | Assumption # 14 Eyerimentd
400-700 MHz | SPS-40 36.36.00N- 121.51.00W | Assumption # 14 Eyerimentd
1-2 GHz TPS-63 34.07.00N- 116.02.00W | Assumption # 15 Mobile

4-6 GHz RCAMIPIR/CAPRI 39.18.31N- 115.05.08W | Assumption # 14 Eypeimentd
4-6 GHz AND-F1 40.40.40N- 105.02.27W | Assumption # 14 Eyeimentd
4-6 GHz MPQ-53 (numerous Assumption # 15 Mobile

4-6 GHz MPS-26 (numerouy Assumption # 15 Mobile

6-8 GHz HYBRIDSHF 37.43.58N-121.52.41W | Assumption # 14 Eyeimentd
8-12 MHz SAN ENVIRONMENTAL GEN | 38.20.29N- 077.03.07W | Assumption # 14 Exyeimenta
12-18 GHz ANDVERTEX4.57KPK 40.40.49N- 105.02.27W | Assumption # 14 Eyeimentd
12-18 (Hz ROLANDTRACKRDR & 30.29.00N- 086.30.00W | Assumption # 14 Eyerimentd

HUGTRACKRDR

1218 (Hz OA-3390/MPA 36.15.00N- 115.20.00W | Assumption # 15 Mobile
12-18 CHz MPQ-51 (numerous Assumption # 15 Mobile
12-18 CHz MSQT-43 (numerouy Assumption # 15 Mobile
12-18 CHz MPQ-4 (numerouy Assumption # 15 Mobile
12-18 CHz MPQ-51 (numerouy Assumption # 15 Mobile
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TABLE 24 (continued)

Frequency
Range Emitter Latitude - Longitude Justification
12-18 GHz MPQ-37 (nunmeroug Assumption # 15 Mobile
12-18 GHz MSQT-43 (nunmeroug Assumption # 15 Mobile
1218 (Hz XM-42A 31.19.47N- 085.42.55W | Assumption # 14 Eyeimentd
12-18 GHz TPT-4 (numeroug Assumption # 15 Mobile
12-18 GHz MSQT-12 28.02.00N- 080.35.50W | Assumption # 15 Mobile
12-18 GHz MPQ-50 36.46.32N-119.45.59W | Assumption # 15 Mobile
12-18 CHz APQ-170 (numerouy Assumption # 14 Exyerimentd
12-18 CHz MK 15MOD1 (numerous Assumption # 14 Eyerimentd
12-18 GHz SML66320€10D20 28.22.35N- 081.04.55W | Assumption # 14 Eyeimentd
1840 GHz TPQ-11 42.27.48N-071.16.10W | Assumption # 15 Mobile
1840 GHz TPQ-11 41.39.30N- 070.31.18W | Assumption # 15 Mobile
1840 CHz SHN-42 (numerouy Assumption # 14 Exyerimentd
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7. INTERNATIONAL HIRF ENVIRONMENTS

7.1 EUROPEAN HIRF ENVIRONMENTS

The EUROCAEWorking Group 31 was responsible for the development of the Europdin HI
environment.The final version of the European environment was published at the EBHW
meetingheld at Bidgeport in line 1997. The environments used sageassumptionas the
U.S. HRF environments. However, no emitters were plare@UA’s. The countriesthat
primarily contributed to the development of the EuropeaRFHenvironments were United
Kingdom, Fance, Netherlands, Germamnd Sweden.

7.1.1 ROTORCRAFT SEVERE ENVIRONMENT

The European Rotorcraft Severe Environment data are prowidégble 25 and graphedin
figures 17 and 18.

TABLE 25
EUROPEAN ROTORCRAFT SEVERE ENVIRONMENT DATA
Range Peak Average

10 kKHz to 100 Hz 150 150
100 KHz to 500 Hz 150 150
500 KHz to 2 MHz 300 300
2 MHz to 30 MHz 930 930
30 MHzto 70 MHz 75 75
70 MHzto 100 MHz 150 150
100 MHzto 200 MHz 300 105
200 MHzto 400 MHz 420 75
400 MHzto 700 MHz 1,020 200
700 MHzto 1 GHz 2,400 230
1 GHzto 2 GHz 7,000 250

2 GHzto 4 GHz 8,600 840

4 GHzto 6 GHz 7,700 900

6 GHzto 8 GHz 1,800 800

8 GHzto 12 GHz 8,000 500
12 GHzto 18 GHz 3,300 400
18 GHzto 40 GHz 1,800 700
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European Rotorcraft Severe HIRF
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FIGURE 17
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FIGURE 18
AVERAG E EUROPEAN ROTORCRAFT SEVERE ENVIRONMENT
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7.1.2 FIXED WING SEVERE ENVIRONMENT

The European iked Wing Severe Environment data are provided in té#fleand graphedin
figures 19 and 20.

TABLE 26
EUROPEAN FIXED WING SEVERE ENVIRONMENT DATA
Range Peak Average

10 kHz to 100 KHz 50 50
100 KHz to 500 Iz 60 60
500 KHz to 2 MHz 70 70
2 MHz to 30 MHz 200 200
30 MHzto 70 MHz 30 30
70 MHzto 100 MHz 30 30
100 MHzto 200 MHz 150 105
200 MHzto 400 MHz 70 75
400 MHzto 700 MHz 730 30
700 MHzto 1 GHz 2,400 80
1 GHzto 2 GHz 3,300 170

2 GHzto 4 GHz 6,000 820

4 GHzto 6 GHz 4,500 250

6 GHzto 8 GHz 1,800 330

8 GHzto 12 GHz 4,240 330
12 GHzto 18 GHz 3,300 510
18 GHzto 40 GHz 1,700 700
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FIGURE 19
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FIGURE 20
AVERAG E EUROPEAN FIXED WING SEVERE ENVIRONMENT
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7.1.3 CERTIFICATION ENVIRONMENT

The EuropearCertification Environment data are provided in table 27 aaghed in figires 21
and 22.

TABLE 27
EUROPEAN CERTIF ICATION ENVIRONMENT DATA

Range Peak Average

10 kHz to 100 Hz 40 40
100 KHz to 500 KHz 40 40
500 KHz to 2 MHz 40 40
2 MHz to 30 MHz 100 100
30 MHzto 70 MHz 20 20
70 MHzto 100 MHz 20 20
100 MHzto 200 MHz 50 20
200 MHzto 400 MHz 70 70
400 MHzto 700 MHz 730 30
700 MHzto 1 GHz 690 70
1 GHzto 2 GHz 2,200 160

2 GHzto 4 GHz 3,500 240

4 GHzto 6 GHz 3,200 130

6 GHzto 8 GHz 800 170

8 GHzto 12 GHz 3,500 330
12 GHzto 18 GHz 1,700 210
18 GHzto 40 GHz 600 200
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European Certification HIRF
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PEAK EUROPEAN CERTIF ICATION ENVIRONMENT
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FIGURE 22
AVERAG E EUROPEAN CERTIF ICATION ENVIRONMENT
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7.1.4 NORMAL ENVIRONMENT

The EuropearNormal Environmentdataare provided in table 28 andaghed in figires 23 and
24

TABLE 28
EUROPEAN NORMAL ENVIRONMENT DATA
Range Peak Average

10 kHz to 100 KHz 20 20
100 KHz to 500 KHz 20 20
500 KHz to 2 MHz 30 30
2 MHz to 30 MHz 40 40
30 MHzto 70 MHz 10 10
70 MHzto 100 MHz 10 10
100 MHzto 200 MHz 30 10
200 MHzto 400 MHz 10 10
400 MHzto 700 MHz 730 30
700 MHzto 1 GHz 690 30
1 GHzto 2 GHz 1,300 160

2 GHzto 4 GHz 3,000 120

4 GHzto 6 GHz 3,200 120

6 GHzto 8 GHz 400 170

8 GHzto 12 GHz 1,100 230
12 GHzto 18 GHz 730 120
18 GHzto 40 GHz 600 150
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European Normal HIRF
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AVERAG E EUROPEAN NORMAL ENVIRONMENT
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7.2 INTERNATIONAL HIRF ENV IRONMENT

The International HRF Environment was developed at the EEBWheetingat Bridgeport in
June 1997 (reference 12J.he U.S. and European RIF environment data wengsedas the basis
for the International HRF Environments. Thenternational HRF Environment is a harmored
version of these environments with tailoricgnsideration as follows:

e Thelevel maintained some relationship to 1997 and pridRFH$pecial conditions
environments.

e Consolidation of frequendyands.

e High confidence tha arcraft will not be affected by HIRF.

e Environments below 400 MHwere rounded to 56r 100 V/m (this is wheremost
EMI effecs are observedhiarcraft therefore, lgh confidence $ gained hat the

aircraft is protected).

e Environments above 1 GHrere rounded to the neard§t0 V/m with a maxmum of
3,000 V/m or nearest 100 V/m aveeag

e Considered a test environment so it should not have to ehewgry time a
transmitte changes.

e Pratticality of design and test levels.

Thefollowing sections deail the resulting environment.
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7.2.1 INTERNATIONAL ROTORCRAF T SEVERE HIRF ENVIRONMENT

The hternational Rotorcraft Severe RF Environment data angrovidedin table29 andgraphed
in figures 25 and 26. Noted in table 29 are the drivers used to harmanihe hternational
Rotorcraft Severe HRF Environment.

TABLE 29
INTERNATIONAL ROTORCRAF T SEVERE ENVIRONMENT DATA
Range Peak Driver Average Driver
10 KHz to 100 Kz 150 European 150 European
100 KHz to 500 kHz 200 u.s 200 European
500 KHz to 2 MHz 200 European 200 European
2 MHz to 30 MHz 200 European 200 European
30 MHz to 70 MHz 200 European 200 European
70 MHz t0 100 MHz 200 European 200 European
100 MHz to 200 MHz 200 European 200 uU.S.
200 MHz to 400 MHz 200 European 200 U.S.
400 MHz to 700 MHz 730 European 200 European
700 MHz to 1 GHz 1,400 European 240 U.S.
1 GHzto 2 GHz 5,000 uU.S. 250 European
2 GHz to 4 GHz 6,000 European 490 European
4 GHz to 6 GHz 7,200 European 400 European
6 GHz to 8 GHz 1,100 European 170 European
8 GHz to 12 GHz | 5,000 European 330 European
12 GHzto 18 (Hz 2,000 European 330 European
18 GHz to 40 GHz 1,000 European 420 European
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International Rotorcraft Severe HIRF
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AVERAG E INTERNATIONAL ROTORCRAF T SEVERE ENVIRONMENT
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7.2.2 INTERNATIONAL F IXED WING HIRF ENVIRONMENT

The hternational Fxed Wing Severe HRF Environment data are provided in table 30 and
graphed in figires 27 and 28. Noted in table 30 are the drivesed to harmoniz the
International Fxed Wing Severe HRF Environment.

TABLE 30
INTERNATIONAL F IXED WING SEVERE ENVIRONMENT DATA
Range Peak Driver Average Driver

10 kKHz to 100 Kz 50 European 50 European
100 KHz to 500 KHz 60 European 60 European
500 KHz to 2 MHz 70 European 70 European
2 MHz to 30 MHz 200 European 200 European
30 MHz to 70 MHz 30 European 30 European
70 MHz to 100 MHz 30 European 30 European
100 MHz to 200 MHz 90 European 30 European
200 MHz to 400 MHz 70 European 70 European

400 MHz to 700 MHz 730 European 80 U.S.

700 MHz to 1 GHz 1,400 European 240 U.S.
1 GHzto 2 GHz 3,300 European 160 European
2 GHz to 4 GHz 4,500 European 490 European

4 GHzto 6 GHz | 7,200 u.s. 300 u.s.
6 GHz to 8 GHz 1,100 European 170 European
8 GHz to 12 GHz | 2,600 European 330 European
12 GHzto 18 (Hz 2,000 European 330 European
18 GHzto 40 (Hz 1,000 European 420 European
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International Fixed Wing Severe HIRF
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AVERAGE INTERNATIONAL F IXED WING SEVERE ENVIRONMENT
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7.2.3 INTERNATIONAL CERTIF ICATION HIRF ENVIRONMENT

The hternational Certification HRF Environment data are provided in table 31 araplged in
figures 29 and 30. Noted in table 31 are the drivers used to harneotie hternational
Certification HRF Environment.

TABLE 31
INTERNATIONAL CERTIF ICATION ENVIRONMENT DATA
Range Peak Driver Average Driver

10 kKHz to 100 Kz 50 European 50 European
100 KHz to 500 KHz 50 European 50 European
500 KHz to 2 MHz 50 European 50 European

2 MHz to 30 MHz 100 U.S. 100 U.S.
30 MHz to 70 MHz 50 European 50 European
70 MHz to 100 MHz 50 European 50 European
100 MHz to 200 MHz 100 European 100 European
200 MHz to 400 MHz 100 European 100 European

400 MHz to 700 MHz 700 European 50 u.S.
700 MHz to 1 GHz 700 European 100 European
1 GHzto 2 GHz 2,000 European 200 European
2 GHz to 4 GHz 3,000 European 200 European

4 GHzto 6 GHz | 3,000 u.s. 200 u.s.
6 GHz to 8 GHz 1,000 European 200 European
8 GHz to 12 GHz | 3,000 European 300 European
12 GHzto 18 (Hz 2,000 European 200 European
18 GHzto 40 (Hz 600 European 200 European
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FIGURE 30
AVERAG E INTERNATIONAL CERTIF ICATION ENVIRONMENT

83



NAWCADPAX--98-156-TM

7.2.4 INTERNATIONAL NORMAL HIRF ENVIRONMENT

The hternational Normal HRF Environment data are provided table 32 and graphedin
figures31 and32. Noted in table 32 are the drivers used to harneote hternational Normal
HIRF Environment.

TABLE 32
INTERNATIONAL NORMAL ENVIRONMENT DATA
Range Peak Driver Average Driver
10 kKHz to 100 Kz 20 European 20 European
100 KHz to 500 KHz 20 European 20 European
500 KHz to 2 MHz 30 European 30 European
2 MHz to 30 MHz 100 U.S. 100 U.S.
30 MHz to 70 MHz 10 European 10 European
70 MHz to 100 MHz 10 European 10 European
100 MHz to 200 MHz 30 European 10 U.S.
200 MHz to 400 MHz 10 uU.S. 10 U.S.
400 MHz to 700 MHz 700 European 40 uU.S.
700 MHz to 1 GHz 700 European 40 U.S.
1 GHzto 2 GHz 1,300 European 160 European
2 GHz to 4 GHz 3,000 European 120 European
4 GHzto 6 GHz | 3,000 u.s. 160 u.s.
6 GHz to 8 GHz 400 European 170 European
8 GHz to 12 GHz | 1,230 U.S. 230 European
12 GHzto 18 (Hz 730 European 190 uU.S.
18 GHzto 40 (Hz 600 European 150 European
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APPENDIX A - ASSUMPTIONS FROM NPRN/NPA AND AC/AMJ

1.1 GENERAL ASSUMPTIONS
The generalassumptions are as fobws:

1. The envelope was divided into the followifrgquencybands:

Ranges Ranges Ranges
Above 10 kHzand Above 2 MHzand Above 1 GHzand
Below 2 MHz Below 1 GHz Below 40 GHz
10-100 kHz 2-30 MHz 1-2 GHz
100-500 kHz 30-70 MHz 2-4 GHz
500 kHz2 MHz 70-100 MHz 4-6 GHz
100-200 MHz 6-8 GHz
200-400 MHz 8-12 GHz
400-700 MHz 12-18 GHz
700 MHz1 GHz 18-40 GHz

2. Main beam illumination by atransmittingantennawas usel.
3.  Maximum man beam gain of atransmitte antennawas usel.

4. Modulation of a transmitted g1@l was not considered. Howevdére duty cycle wasused
to caculate theaverage powe for pulseal transmittes.

5. Constructive gpund reflections of HFsignals, i.e., direct and reflected waves, were
assumed to be in phase.

6. Nonamuladive field strength was @lculated. Simultaneous illumindion by morethan one
antenna was not considered.

7. Near-field corrections for aperture and phased-aaragnnas were used.

8. Field strenghs were calculated at minimum distances which were dependent upon the
location of thetransmitte and arcraft.

9. Field strenth for each frequencpand was the mamum for all transmitterswithin that
band.

10. Peak and averag

(a) Peak field strenth was based on the maum authorizd peak power of the
transmitte, maximum antennagain, and system losse.
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(b) Averag field strengh was basedon the maimum authoried peak power of the
transmitte, maximum duty cycle, maimum antenna gain, and systan losses. Duty
cycle is the product of pulse width and pulse repetition frequenidyis applies to
pulsed sgtems only

(c) Thefield streagth vdues are in volts pe meer and were caculated from the powe
density
11. The termsdirect rang" and 'slant ran@" are defined as follows:

Directrangeis the"line-of-sight" distance between thetransmitte and theaircraft.

Slant rangeis the distancebetweerthe transmitters and the aircraft takingp account the
aircraft altitude and the maximum antenna eevation angle of the transmitte. If the
maxmum elevation ari@ was not available, 90 degs assumed.

12. Transmittes located in Prohibited, Restricted, or Danger areas were not indudal in the
environment.

13. FromtheU.S.elementof theenvironment, selected Higoower transmitters were placed in
SUA, which will be maked on theaeronautical chats. Thesize of an SUA would be derived
from transmitte data and would theefore vary from transmitte site to transmitter site The SUA
size as maked on theaeronautica chats, would bespeified by dtitude and ralius. For
transmitte's located within an aea of SUA, thetransmitte field strength was a&sessal & the
boundaryof the SUA.

14. Transmitte's with xperimentd licenses wee excluded.
15. Nonarport mobiletactical military transmittes wee excluded.

16. Transmitter cooperative operation with aircraft procedures were used to calculate
illumination and powe density.

17. The U.S. HRF environment indudead estimated 3 dB transmitte losses into the antenng
unless traasmitte data were available.

1.2 SPECIFIC ENVIRONMENT ASSUMPTIONS

The electromagetic environment consists of the Rotorcraft Sevengeds Wing Severe,
Certification, and Normal HRF environments.

These environments are defined in the followpagagaphs.

1.2.1 ASSUMPTIONS FOR THE CALCULATION OF THE ROTORCRAFT SEVERE
HIRF ENVIRONMENT

The Rotoraaft Severe HIRF environment is aworst @se estimate of the electromagnetic field
strengh levels in the airspace in which rotorcraft fligpperations are permitted.
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The Rotorcraft Severe environment considers transmitters in the follgnongs andotorcraft
to transmitte distances:

(@ Airport/Hdiport Transmittes:

(i)

(ii)

100 ft direct rang for fixed transmitters within a 1 nmi boundaayound the
runway with theexception of arport survdlance rada and ar routesurvellance
radar; for these two radamtys, a 300 ft slant raaglistance was used.

50 ft direct range for mobiletransmitte's, induding transmittes on othe aircraft,
and 150 ft direct rarggfor aircrafts weather radar.

(b) Nonairport/Nonheliport Ground Transmitters:

All transmitters, 100 ft direct raeg

(c) Shipboard Transmitters:

300 ft direct rang for all shipboard transmitters.
(d) Offshore Patforms:
100 ft direct rang for all platform based transmitters.

(e) Air-to-Air Transmittes:

(i)

(ii)

Air-to-air interceptions of helicopters bfxxed wing interceptors were not
considered in the Rotorcraft Severe environment.

The sceenaio of air-to-ar illumination of a hdicopte by the arborne weather
radar of an adjacent helicopter is covered in Amgort/Heliport transmitter

group.

1.2.2 ASSUMPTIONS FOR THE CALCULATION OF THE FIXED WING SEVERE
HIRF ENVIRONMENT

The Fixed Wing Severe HIRF environment is aworst @se estimate of the dectromagndic field
strengh levels in the airspace in which ékwingflight operations are permitted.

The Fixed Wing Severeenvironment considers transmitters in the followmgngups and aircraft
to transmitte distances:

(a) Airport Environment:

(i)

(ii)

250 ft slant rang for fixed transmitters within a 5 nmi boundaayound the
runway with the exception of arport survdlance radar and ar route

surveillanceradar.For thesetwo radar tpes, a 500 ft slant raaglistance was
used.

50 ft direct range for mobile transmittes, induding transmittes on othea
aircraft, and 150 ft direct rapdor aircrafts weather radar.
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(b) Nonairport Ground Transmitters:

(i) 500 ft slant rang for fixed transmitters beynd a 5 nmiboundaryaroundthe
airport runway

(i)  Aircraft were assumed to be at a minimumHtigltitudeof 500 ft abovelocal
terrain and avoidingll obstructions, includingansmitter antennas, {0 ft.

(c) Shipboard Trasmitters:

A 2.4% gadient was used for the aircraft fligpath, with the subject aircradftearing

the antennaby 300 ft. The ship was assumed to be 2.5 nmi from the end of the
runway Slant range was conputed usng the maximum elevaton ande. Where
maxmum antenna elevation diegwas not available, 45 de@s used.

(d) Air-to-Air Transmittes:
(i) 500 ft direct rang for noninterceptor aircraft with all transmitters operational.

(i) 100 ft direct rang for interceptor aircraft with onlyonhostile transmitters
operational.

1.2.3 ASSUMPTIONS FOR THE CALCULATION OF THE CERTIFICATION HIRF
ENVIRONMENT

This Certification HRF environment is derived from thiéxed Wing SeverdHIRF environment.
The Certificationenvironment considered the same transmitteugs as theiked Wing Severe
environment, theaircraft to transmitter distances were reassessel s follows:

(@ Airport/Hdiport Transmittes:

(i) 250 ft slant rang for all fixed, nonradar, transmittersithin the airport
boundary Fxed radar transmitters within the airport boundesgre assesseat
a distance of 500 ft, usirglant rang.

(i) The distance assumptions for lamobile transmittes and arcraft weather radar
systems remained unchad) from those used in theixed Wing Severe
environment.

(b) Nonairport/Nonheliport Ground Transmitters:

(i) 500ft slant rang for fixed transmitters within a weégshaped area of airspace,
originating at the departure and arrival end of theway over which aircraft
would normallytrack, and etendingfor 3 nmi from the runway

(i)  Aircraft were assumed to be at a minimumftigltitude of 1,000 ft above local
terrain,except for takeoff and landingnd avoidingall obstructions, including
transmitters, by1,000 ft. Slant rarg was calculated usinthe maxmum
elevation angle for the transmittes. Whee maximum devation angle was not
known, 45 degvas assumed.
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(c) Shipboard Transmitters:

A study of the shipboard scenario of the severe environments concludedothat,
routineflight opeations, themost likdy senario was:

The ship is assumedo be 2.5 nmi from the approach end of the runwag
aircraft established on the normal 3 de§ dideslope would pass over tistip
at an altitude that would enable a slant lanofj750 ftto be usedasthe distance
criteria.

(d) Offshore Patforms:
This goup of transmitters was not considered in the Certification environment.
(e) Air-to-Air Transmittes:
This goup of transmitters was not considered in the Certification environment.
1.2.4 ASSUMPTIONS FOR THE CALCULATION OF THE NORMAL HIRF
ENVIRONMENT

The Normal HIRF environmentis the ekctromagneic field stengh level in the arspace on and
aboutairportsand/orheliportsin which routine departure and arrival operations take place. The
transmitter goups and the aircraft to transmitter distances considered in the Normal environment
were as follows:

(@ Airport/Hdiport Transmittes:

With the excepton of he arcraft weaher radar sstens, the distanceassunptionsfor
both fixed and mobile transmitters locatedthin the airport boundaryremained
unchangd from those used in th8evere environmentsand the Certification
environment. Br aircraft weather radar sgms, a distance of 250 ft was used.

(b) Nonairport/Nonheliport Ground Transmitters:

Transmitters within a wedgshaped area of airspace, maging at each enaf the
runway over which aircraft would normallyrack were assessed at differiagnt
ranges accordingo the transmitter distance from the runveayfollows:

0-3 nmi 500 ft slant rang
3-5 nmi 1,000 ft slant rang
5-10 nmi 1,500 ft slant rang
10-25 nmi 2,500 ft slant rang

(c) Shipboard Transmitters:

This goup of transmitters was not considered in the Normal environment.
(d) Offshore Ratforms:

This goup of transmitters was not considered in the Normal environment.
(e) Air-to-Air Transmittes:

This goup of transmitters was not considered in the Normal environment.
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APPENDIX B - DISCUSSION ON CALCULATION OF PEAK VERSUS AVERAGE AND
CONVERSION BETWEEN POWER DENSITY AND FIELD STRENGTH

The emitter data bases, together with the designated minimum distaces, were useal to @lculate

the values of field stremlg for the environments. The peak field strngs based orthe

maximum authorized powe level of the transmitte and antennagain for the frequency range.

The averagfield strengh is basedon the maximum averag field strengh (peakoutput powerof

the transmitte times the maximum dutycycle times theantennagain) for the frequency range.

Thefield strenghs used in the environments for peak and aeeragyor maynot be from the
sanedriver emitter.

For emitters that used amplitude modulation, such as Bidadcastradio and TV, the
continuous carrier output level (without modulation) was usedhe calculationof both peak

and average field strengths. Furthemore for CW emitters, theduty cycle is unity and the pesk

and averag powers arehe sam. It is more conplex to defne peak amlitudes whentte signal

is amplitude modulated (see digg B1). The true peak field stretilgcould be calculatetfom

the productof continuouscarrier output level, the percent of AM modulation, and the frequency
of the modulation.In mostcases, the percent of AM modulation and the modulation frequency
vary greatly. Therefore, it was not used forRff calculations.

Pulsemodulatedsignals,such as from a radar, have differences between peak andeaperagr
densty. The raio betveen he peak and averag/alies & a functon of the duty cycle with pulse
modulated or ged sighals. Althoudp, in the case of the peak field, ittie value of the electric
field for thetime tha the signd is on (figure B-2). When thesignd is off, thefield strength is
obviouslyzero.

The antenna pattern and rotation rate were not used foofahyg calculations.Only the 3 dB
beamwidth gin was used.

The units usedto define the field strendgh of the HRF environment are in terms of rms. All
measurements or calculations of the field stileraye derived in terms of the poweensity
either averag or peak, then convertéalvolts permeter(V/m;mg. The rns unts for peak etctic
field or peak power densitgre usuallyomitted since thegre assumed to henderstoodvithout
resatement In all casesthe rms values, asn al forms of ekctical engneerng, have alvays
been true electrical peak divided tmot 2.

The term known as peak rms is the normal parameter measured equipgnent and aircraft
EMC tests, and the wahe HRF environmenis expressedThe measuremenf modulatedRF
signalsduringHIRF testingandthe terms peak and peak rms causeia@nt confusion. br all

HIRF measurement®f modulated sigals, a peak detector must be useg. tEdition, RF
spectum analzers and raasunng recevers are cabraed with a sine wave suchthat in peak
mode, a 1 W,ssine wave input will ye an indicated measurement of 1 V. This will not cleang

if the signd is switdhed on and off, thepesk reading will still be 1 V hence theterm pesk rms.
Figure B-1 shows the relationship between peak and peakaren amplitudemodulatedsine
wave. Figure B-2 showsthe relationship between peak and peak rms for a pulse modulated or
gated sine wave.
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All measurements relating to HIRF are made usingthe peak detector fundion of themeasuring
recever/spectum anayzer. Thsis calbratd in terms of he equvalent rms valie ofasinewave.
What does this mean®hen measuringg modulated sitpl, the bandwidth of the measuring
receiver should be set wide enbutp capture the total engrgpf the sigial. The amplitude
readingas measured Ithe peak detector function is noted. The unkneignal is disconnected
and asinewave signd a the same frequency fed in. Its amplitude is adjusted until the same
readingis producedon the measuringeceiver.This amplitude is gxessed in terms of the rms
value of the sine wave.

Field Strength

V/im A

Peak=Peak RMS */2 ——

LA,
ATV T ™

Figure B-1
AMPLITUDE MODULATED S IGNAL
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Field Strength
Vim

Peak=Peak RMS */2 ——
Peak RMS

Time

~& pw b
-——— PR ——— P

Figure B-2
PULSE MODULATED OR GATED SIGNAL

For calculatingpeak or averagpower, use the followingngneeringconventions:
e Stat with theaverage output powe of the emitter (usudly measured with an average reading
power meter):
Pa = Averag Power eyressedn wats (rms)
G = Gain of antenna stem (includingnear-field correction factor), no units
r = distance fromanenna apenre epressedn meters
Fromthese vales, he radated power s calulated:
Pdx = Average Powe Density expressel in wats/meer? (rms)
Pdy = (Pa* G)/(4T 1)
e For man beam illumination by simplepulseemitters, thepesk powe density is calculated:
Tw = Pulse WWdth expressed in seconds
Fr = PulseRepdition Frequency (PRF expresseal in Hetz
D = Duty cycle (rato) = Tw * Fr
Pd, = Pesk Powe Density expressel in wats/meer? (rms) = RIa/D
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The powerdensityis converted to electric field usirtge impedance of free space air (20
or 377 ohms):

Ea = Avera@g Elkectic Field Intensity expressedn Volts/meter (rms)

= (Pdy * 377)"?
Ep = Peak Ekctic Field Intensity expressedn Voltsmeter (rms)
= (Pds * 377)¥? or
= Ep* D2 or
= (377/41) Y2 * (P, * G) My or
= (Pdh * 377/Df*?

» The tue ekctic peak feld (which is Er = E» * 2%?) is not used because does notelate to
common measurerans.

» To convert from watts/meteto mW/an?, a (16 W/mw) / (1d m*¥cm? conversion factor
(1/10) is needed, e,gl00 Wm? =10 mWcn?.
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APPENDIX C - SAMPLE SPREAD SHEET

The HIRF environments wee calculated usingMicrosoft Excel. Each emitter was sd up on a
separatavorkbook.The first spread sheet of the workbook contained the emitter data, transmitter
characeristics, and ar@nna charaeristics. The sam spreadsheethen catulated the field
intensity for ranges from 100 ft out to 1,000 ft or farther as necessafpe methods used to
calculate the fields were desdoed n Secion 4 of his report As a neans ¢ cross checkhe
calculation, a parallel calculation is performed uding near-field anafys methods detaileth
MIL-HBK-235. The handbook method predictions should produce dtedthghs within 3 dB of

the “Gross” methodadopted bythe HRF community A macro function stored on module 1
extrapolateghe near-field correction values based on earfigm another workbook containing

the daatables for @ther rectangular or arcular apertureilluminations.

The emitter workbook which predicted the higt field intensities for each RF rang@ was
manuallylinked to a workbook that tabulared the drivers and produced theRflfield intensity
graphs.

The following spread sheet is anamxple of the portion of themitterworkbookthat predicted
thefield intensities for theASDE-2.
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FrequencyRange 1840 GHz

Description Airport Surface Btection

Nomendature ADSE-2

Latitude 41.58.43N

Longitude 087.54.21W

Location Chicag, lllinois, and other arious locations
Antenna Description |Parabolic Reflector, Cosine Rectauay

Increment 150 50
Peak | Averag Peak | Averag Peak | Averag
Units 100 ft 250 ft 300 ft

Separation Separation Separation

Range meters 30.49 30.49 76.22 76.22 91.44 91.44

ft 100.0¢ 100.0q 250.0¢ 250.0¢ 300.00 300.0d

Frequency MHz 23,600.0( 23,600.0( 23,600.0( 23,600.0( 23,600.0( 23,600.00

Puse Width psec 0.02 0.02 0.02 0.02 0.02 0.02

PRF Hz 14,500.0(¢ 14,500.0(¢ 14,500.0( 14,500.0( 14,500.0( 14,500.00

Duty Cycle # 0.00024 0.00 0.09 0.00 0.00 0.00

% 0.03 0.03 0.03 0.03 0.03 0.03

Trarsmitter Peak w 50,000.0(¢ 50,000.0( 50,000.0(¢ 50,000.0¢ 50,000.0( 50,000.00

dBm 76.99 76.99 76.99 76.99 76.99 76.99

Trarsmitter Average w 15.95 15.95 15.95 15.95 15.95 15.95

dBm 42.03 42.03 42.03 42.03 42.03 42.03

System Losses daB -2.36 -2.36 -2.36 -2.36 -2.36 -2.36

Antenna Gain dB 45.00 45.00 45.00 45.00 45.0¢ 45.00
Egimated Antema Area |cn? 0.291
EstimatedAnterna Size  |meters 0.54

AntennaMax x meters 3.40 3.40 3.40 3.40 3.40 3.40

ft 11.15 11.15 11.15 11.15 11.15 11.15

AntennaMax y meters 0.30 0.30 0.30 0.30 0.3 0.3

ft 0.98 0.98 0.98 0.98 0.98 0.98

BeamWidth deg 0.25 0.25 0.25 0.25 0.25 0.25

AntennaMax from BW meters 3.31 3.31 3.31 3.31 3.3] 3.31

ft 10.84 10.84 10.84 10.84 10.84 10.84

Elevation Max deg 3.00 3.00 3.00 3.00 3.00 3.00

Far Field fom x meters 909.39 909.39 909.39 909.39 909.39 909.34

ft 2,982.79 2,982.79 2,982.79 2,982.79 2,982.74 2,982.79

Far Field fomy meters 7.08 7.08 7.08 7.08 7.08 7.08

ft 23.22 23.22 23.22 23.22 23.27 23.22

FarField from BW meters 1,718.64 1,718.64 1,718.64 1,718.64 1,718.64 1,718.64

ft 5,637.14 5,637.1% 5,637.1% 5,637.1§ 5,637.14 5,637.1%

FarField x used meters 909.39 909.39 909.39 909.39 909.39 909.34

ft 2,982.79 2,982.79 2,982.79 2,982.79 2,982.74 2,982.79

FarFieldy used meters 7.08 7.08 7.08 7.08 7.08 7.08

ft 23.22 23.22 23.22 23.22 23.27 23.22

Hbk Far Field meters 1,818.77 1,818.71 1,818.71 1,818.71 1,818.7] 1,818.77
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[llumination Estimator # 1.17 1.17 1.17 1.17 1.17 1.17
Curveto Use uniform |uniform |uniform |uniform |uniform |uniform [uniform
Normalized xvalue # 0.03 0.03 0.08 0.08 0.10 0.10Q
Normalized yvalue # 4.31 4.31 10.77 10.77 12.92 12.92
HandbookNormalized # 0.016§ 0.02 0.04 0.04 0.05 0.05
Range
NearField Carectionx  |dB 14.65 14.65 10.01 10.01 9.25 9.25
NearField Carectiony  |dB 0.00 0.0Q 0.00 0.0Q 0.00 0.09
Total NearField Carr. dB 14.65 14.65 10.01 10.01 9.25 9.25
NearField Carrection Hbk |dB 14.24 14.24 9.55 9.55 8.48 8.48
Free Space tsses daB -40.67 -40.67 -48.63 -48.63 -50.22 -50.272
Power Dersity dBm/m’ 64.31 29.35 60.99 26.03 60.16 25.2¢
wW/m? 2,697.44 0.8605 1,255.4] 0.40 1,037.11 0.33
V/m 1,008.44 18.01] 687.99 12.29 625.3( 11.17
HandbookPower Density |dBm 64.72 29.76 61.44 26.48 60.94 25.97
W/m? 2,964.3¢ 0.95 1,394.54 0.44 1,240.4] 0.4(Q
V/m 1,057.14 18.84 725.0§ 12,9 683.84 12.21
Slart Path meters 584.40Q 584.40 1,460.99 1,460.99 1,753.19 1,753.19
1,916.89 1,916.87 4,792.0¢ 4,792.0¢ 5,750.4] 5,750.47
Normalized SlahPathx |# 0.64 0.64 1.61] 1.61 1.93 1.93
Normalized SlahPathy  |# 82.54 82.54 206.3§ 206.3q 247.69 247.63
Hbk Normalized Range  |# 0.32 0.32 0.80 0.80 0.94 0.94
NearField Carrection x 1.33 1.33 0.00 0.0Q 0.00 0.0Q
NearField Carrectiony 0.00 0.0Q 0.00 0.0Q 0.00 0.09
Slant Total Carection 1.33 1.33 0.00 0.0Q 0.00 0.0Q
NearField Carrection Hbk |dB 0.63 0.63 0.00 0.0Q 0.00 0.09
Slant RangePower Den.  [dBm/m? 51.97 17.0% 45.34 10.34 43.76 8.80
W/m? 157.44 0.05 34.24 0.01 23.71 0.01
V/m 243.63 435 113.61 2.03 94.67 1.69
Hbk Slart Power Dersity  [dBm/m? 52.67 17.71 45.34 10.38 43.76 8.8(
W/’ 185.10 0.0  34.24 0.0  23.77 0.01]
V/m 264.14 472 113.61 2.03 94.671 1.69
Overhead losses dB 20.04 20.04 20.04 20.00 20.0(q 20.0Q
Overhead Pwer Den Pk |dBnm/m? 44.31 9.35 40.99 6.03 40.16 5.2(Q
W/’ 26.97 0.01] 12.55 0.00 10.37 0.00
V/m 100.84 1.80Q 68.80 1.23 62.53 1.12
Hbk OverheadP. D. dBm/m? 44.72 9.74 41.44 6.48 40.94 5.97
W/m? 29.64 0.01 13.95 0.0Q 12.4Q 0.09
V/m 105.71 1.89 72.51 1.30 68.39 1.22
Summary 1AW Gros
DirectPah ft 100.00 100.00 250.00 250.00 300.00 300.0(
DirectField Srergth Vim 1,008.43 18.01] 687.99 12.29 625.3( 11.17
Slart Pah ft 1,916.82 1,916.82 4,792.06 4,792.0¢ 5,750.47 5,750.47
Sart Feld Srength Vim 243.63 435 113.61 2.03 94.671 1.69
Overhead Pdt ft 100.00 100.00 250.00 250.00 300.00 300.0(
Overhead Feld Srergth  [V/m 100.84 1.80 68.80 1.23 62.53 1.12
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Minimum Normalized x 0.03352¢
Summary IAW Handbook
DirectPah ft 100.00 100.00 250.00 250.00 300.00 300.0d
DirectField Srergth Vim 1,057.1% 18.8§ 725.09 12.95 683.85 12.21
Slant Pah ft 1,916.82 1,916.82 4,792.06 4,792.06 5,750.47 5,750.47
Slart Field Srength Vim 264.14 472 113.61 2.03 94.67 1.69
Overhead Pdt ft 100.00 100.00 250.00 250.00 300.00 300.0d
Overhead Feld Srergth  [V/m 105.71 1.89 72.51 1.30 68.39 1.22
Plotted Plot Peak Peak | Averag | Average
Peak | Averag
Graph Path Field Field Gross |[Hamdbook Gross |Harndbook
Strength | Strength
100 1,008.43 18.01 1,008.43 1,057.1% 18.01 18.84
250 687.99 12.29 687.9§ 725.09 12.29 12.95
300 625.3( 11.17 625.30 683.85 11.17 12.21
400 441.79 7.89 441.7§ 598.57 7.89 10.69
500 388.54 6.94 388.56 553.86 6.94 9.89
600 407.85 7.24 407.83 517.53 7.28 9.24
700 400.77 7.1 400.72 479.2( 7.16 8.56
800  393.33 7.03 393.33 452.95 7.03 8.09
900 384.71 6.87 384.71 434.41 6.87 7.76
1000 373.2( 6.67] 373.20 412.69 6.67 7.37
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APPENDIX D - DRIVER EMITTER CHARACTERISTICS

HIRF Ranges
Range Range Number

10 kHz to 100 kHz 1
100 KHz to 500 kHz 2
500 KHz to 2 MHz 3
2 MHz to 30 MHz 4
30 MHz to 70 MHz 5
70 MHz to 100 MHz 6
100 MHz to 200 MHz 7
200 MHz to 400 MHz 8
400 MHz to 700 MHz 9
700 MHz to 1 GHz 10
1GHzto 2GHz 11

2 GHz to 4 GHz 12

4 GHz to 6 GHz 13

6 GHz to 8 GHz 14
8GHzt012 GHz 15
12GHzto 18 GHz 16
18 GHz to 40 GHz 17

Drivers toHIRF BME Cross Réerence (Numbers Correspond to HIRF Ranges)
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FRT-87 (100 kHz - 500 kHz) 105 1 1 1 1 1 1 1 1
EPN-45A 106 2 2 2 2 2
ERT-87 (100 kHz - 500 kHz) 107 2 2 2 2
AM Radio 108 3 3 3 3 3 3 3 3
VOA/SW 109 4 4 4 4 4 4 4 4
TV Ch 2-6 110 5 5 5 5 5 5 5 5
EM Radio 111 6 6 6 6 6 6 6 6
TV Ch7-11 112 7 7 7 7 7 7 7 7
TV Ch 11-13 113 8 8 8 8 8 8 8 8
TV UHF Ch 14-51 114 9 9 9 9 9 9 9 9
SPS-49 115 10
TV UHF Ch 52-69 116 10 10 10 10 10 10 10
ARSR-1 117 11
ARSR-3 118 11 11 11
ESP-64 119 11
ESI-11160 120 11 11 11
SPS-48 121 12 12 12
WSR-88 122 12 12 12 12 12
EPS-16V 123 13 13 13 13 13 13
TDWR 124 13 13
ESC-79 125 14 14 14 14 14 14 14 14
TPQ-39 126 15 15 15 15
GPN-22 127 15 15 15 15
ASDE-3 128 16 16 16 16
SAT BUS 129 16 16 16 16
ADSE-2 130 17 17 17 17 17 17 17 17
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FRT-87 (100 kHz - 500 kHz)

FrequencyRang 100 KHz to 500 Hz

Description Fixed, Submrine Conmunications
Nomendature AN/FRT-87 (Same as AN/FRT-3)

Latitude 38.59.00N

Longtude 076.27.00W

Location Annapolis, Mariand and otherarious locations

Antenna Description

Linear (horiontal net)

Frequency MHz 0.02
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 1,000,000.00D
dBm 90.0d
Transnitter Average W 1,000,000.00
dBm 90.0d
SystemLosses dB -3.00
Antenna Gain dB 0.00
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 0.00Q
ft 0.00
Far Field yUsed meters 0.00
ft 0.00
Overhead Losses dB 0.00

Note: The analgis of this sptemused CW output with no adulation, therefore thewW and PRF are
not representatesof the actual mdulation and are set so the daggle is 100%.

104

APPENDIX D



NAWCADPAX--98-156-TM

FPN-45A
FrequencyRang 100 KHz to 500 Hz
Description Fixed-LORAN
Nomendature AN/FPN-45A
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna [@scription Linear
Frequency MHz 0.10
Pulse Width psec 6.00
PRF Hz 2,000.00
Duty Cycle # 0.0
% 1.20
Transnitter Peak W 2,000,000.0D
dBm 93.01
Transnitter Average W 24,000.00
dBm 73.8(
SystemLosses dB -3.00
Antenna Gain dB 0.0Q
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 0.0Q
ft 0.01
Far Field yUsed meters 0.00
ft 0.0Q
Overhead Losses dB 0.00
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FRT-87 (100 kHz - 500 kHz)

FrequencyRang 100 KHz to 500 Hz
Description Fixed, Submrine Conmunications
Nomendature AN/FRT-87 (Same as AN/FRT-3)
Latitude 38.59.00N
Longtude 076.27.00W
Location Annapolis, Mariand
Antenna Description Linear (horiontal net)
Frequency MHz 0.15
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 1,000,000.00D
dBm 90.00
Transnitter Average W 1,000,000.00
dBm 90.00
SystemLosses dB -3.00
BeamWidth deg 360.0(
Elevation Max deg 90.00
Far Field x Used meters 0.0Q
ft 0.0
Far Field yUsed meters 0.00
ft 0.00
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representatesof the actual mdulation and are set so the duajgle is 100%.
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AM Radio
FrequencyRang 500 KHz to 2 MHz
Description Fixed-Broadcast
Nomenclature AM Radio
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Monopole Array
Frequency MHz 1.60
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 50,000.00
dBm 76.99
Transnitter Average W 50,000.00
dBm 76.99
SystemLosses dB -3.00
Antenna Gain dB 13.53
Antenna Max X meters 140.63
ft 461.25
Antenna Max y meters 109.39
ft 358.75
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 105.47
ft 345.94
Far Field yUsed meters 63.80
ft 209.27
Curve to Use uniform
Overhead Losses dB 0.00

Note: The analysis of this system used CW output with no nodulaion, theefore the PW and FRF ae not representative of the
actud modulaion and ae set s0 theduty cycle is 100%

Parameteric Analysis of AM Radio Antenna Facilities
Freq Elements Hor Size Ver Size Field St. Range Facility

1600 4 609 100 6.55 100 KLIF
540 4 1805 296 2.43 100

540 4 416 324 32 300 WHIS
1600 4 140 109 94 100

540 3 370 555 4.89 500 WOWO
1600 3 125 187 14 200

1600 3 44 89 28 100 KCBQ
540 3 419 131 9.66 100

540 4 995 416 35 100 WJIBK
1600 4 335 140 10.36 100

1600 1 XX XX 40 100 Oomni
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VOA/SW
FrequencyRang 2 MHz to 30 MHz
Description VOA/SW Broadcast
Nomenclature Short wave
Latitude Nationwide
Longtude Nationwide
Location Delano, Glifornia, Greenvlle, North Carolina
Antenna Description Dipole Curtain Array
Frequency MHz 17.8Q
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 500,000.00
dBm 86.99
Transnitter Average W 500,000.00
dBm 86.99
SystemLosses dB -3.00
Antenna Gain dB 22.00
Antenna Max x meters 68.47
ft 22459
Antenna Max y meters 30.4(
ft 99.71
BeamWidth deg 16.00
Elevation Max deg 90.00
Far Field x Used meters 278.14
ft 912.34
Far Field yUsed meters 54.89
ft 179.85
Curve to Use uniform
Overhead Losses dB 0

Note: The analysis of this system used CW output with no nodulaion, theefore the PW and FRF ae not representative of the
actud modulaion and ae set s0 theduty cycle is 100%

Analysis of VOA Curtain Array Antennas
Hor. BW  Lenght  Ver BW Height VIM

38 53.4 2.5 812 66.6
32 51.6 2 826 67.54
36 30.4 2.5 438 72.03
31 29.1 2 451 88.7
36 30.4 3 365 90.72
30 30 2.5 361 87.56
39 42.37 2.5 661 90.21
31 41.1 2 637 78.05
31 41.1 10.5 121 158
36 30.4 16 68 318
48 66.6 12 266.4 100
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TV Ch 2-6
FrequencyRang 30 MHzto 70 MHz
Description Fixed-Broadcast
Nomenclature TV Ch 26 (4768 MH2)
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 88.00
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 60,000.00
dBm 77.78
Transnitter Average W 60,000.00
dBm 77.78
SystemLosses dB 0.00
Antenna Gain dB 5.22
Antenna Max X meters 20.45
ft 67.09
Antenna Max y meters 0.25
ft 0.82
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 122.73
ft 402.55
Far Field yUsed meters 0.02
ft 0.04
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.

TV Antenna Analgis

Frequency Antenna Size ERP Field Strength Range
MH z meters dBm V/IM FT
88 20.5 83 70.6 100
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FM Radio
FrequencyRang 70 MHzto 100 MHz
Description Fixed-Broadcast
Nomenclature FM Radio
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 107.0(
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 63,000.00
dBm 77.99
Transnitter Average W 63,000.00
dBm 77.99
SystemLosses dB 0.00
Antenna Gain dB 6.0
Antenna Max X meters 16.87
ft 55.18
Antenna Max y meters 1.00
ft 3.28
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 100.93
ft 331.07%
Far Field yUsed meters 0.36
ft 1.17
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.
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TV Ch 7-11
FrequencyRang 100 MHzto 200 MHz
Description Fixed-Broadcast
Nomenclature TV Ch 741 (174198 MH2)
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 198.0(
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0¢
Transnitter Peak W 16,000.00
dBm 72.04
Transnitter Average W 16,000.00
dBm 72.04
SystemLosses dB 3.00
Antenna Gain dB 13.01
Antenna Max X meters 9.09
ft 29.82
Antenna Max y meters 0.30
ft 0.98
BeamWidth deg 360.0(¢
Elevation Max deg 90.00
Far Field x Used meters 54.55
ft 178.91
Far Field yUsed meters 0.06
ft 0.19
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.

TV Antenna Analgis

Frequency Antenna Size ERP Field Strength Range
MH z meters dBm V/IM FT
198 9.9 88 140.29 100
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TV Ch 11-13
FrequencyRang 200 MHzto 400 MHz
Description Fixed-Broadcast
Nomenclature TV Ch 1143 (204216 MH2)
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 216.0¢
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0¢
Transnitter Peak W 16,000.00
dBm 72.04
Transnitter Average W 16,000.00
dBm 72.04
SystemLosses dB 3.00
Antenna Gain dB 13.01
Antenna Max X meters 8.33
ft 27.33
Antenna Max y meters 0.30
ft 0.98
BeamWidth deg 360.0(¢
Elevation Max deg 3.00
Far Field x Used meters 50.00
ft 164.0(
Far Field yUsed meters 0.06
ft 0.21
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.
TV Antenna Analgis

Frequency Antenna Size ERP Field Strength Range
MH z meters dBm V/IM FT
216 8.3 88 140.5 100
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TV UHF Ch 14-51

FrequencyRang 400 MHzto 700 MHz
Description Broadcast V
Nomenclature TV UHF Ch 1451 (470698 MH2)
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 698.0(¢
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 250,000.00
dBm 83.99
Transnitter Average W 250,000.00
dBm 83.99
SystemLosses dB -2.15
Antenna Gain dB 15.16
Antenna Max X meters 2.58
ft 8.44
Antenna Max y meters 0.30
ft 0.98
BeamWidth deg 360.0(¢
Elevation Max deg 3.00
Far Field x Used meters 15.47
ft 50.75
Far Field yUsed meters 0.21
ft 0.69
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.

TV Antenna Analgis

Frequency Antenna Size ERP Field Strength Range
MH z meters dBm V/IM FT
470 7.7 97 397 100
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SPS49
FrequencyRange 700 MHzto 1 GHz
Description Air Traffic Surveillance
Nomenclature AN/SPS49
Latitude Ship Based
Longtude Ship Based
Location All U.S. Ships (nunerous land sites for testingo)

Antenna Description

Orange Peel

Frequency MHz 850.0¢
Pulse Width psec 175.0(
PRF Hz 276.0(
Duty Cycle # 0.0345(
% 3.45(0
Transnitter Peak W 360,000.00
dBm 85.56
Transnitter Average W 12,420.00
dBm 70.94
SystemLosses dB -3.00
Antenna Gain dB 29.00
Antenna Max X meters 7.32
ft 24.01
Antenna Max y meters 4.34
ft 14.01
BeamWidth deg 3.50
Elevation Max deg 9.00
Far Field x Used meters 151.87
ft 497.96
Far Field yUsed meters 51.66
ft 169.44
Curve to Use cos
Overhead Losses dB 20.00
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TV UHF Ch 52-69

FrequencyRang 700 MHzto 1000 MHz
Description Broadcast V
Nomenclature TV UHF Ch 5269 (701806 MH2)
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Dipole Array
Frequency MHz 806.0(¢
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.00
% 100.0(
Transnitter Peak W 250,000.00
dBm 83.99
Transnitter Average W 250,000.00
dBm 83.99
SystemLosses dB -2.15
Antenna Gain dB 15.16
Antenna Max X meters 2.23
ft 7.33
Antenna Max y meters 0.30
ft 0.98
BeamWidth deg 360.0(¢
Elevation Max deg 3.00
Far Field x Used meters 13.40
ft 43.95
Far Field yUsed meters 0.24
ft 0.79
Cune to Use cos”
Overhead Losses dB 0.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representates/of the actual mdulation and are set so the duajgle is 100%.

TV Antenna Analgis

Frequency Antenna Size ERP Field Strength Range
MH z meters dBm V/IM FT
806 2.2 97 401 100
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ARSR-1
FrequencyRange 1 GHzto 2 GHz
Description Route trackng FAA
Nomendature ARSR-1D/E
Latitude Nationwide
Longitude Nationwide
Location Various

Antenna Description

Orange peel parabolic reflector

Frequency MHz 1,322.00
Pulse Width psec 2.00
PRF Hz 370.0¢
Duty Cycle # 0.000740
% 0.074000
Transnitter Peak W 5,000,000.0D
dBm 96.99
Transnitter Average W 3,700.00
dBm 65.68
SystemLosses dB -3.00
Antenna Gain dB 34.3(
Antenna Max X meters 12.2(Q
ft 40.00
Antenna Max y meters 3.35
ft 11.00
BeamWidth deg 1.35
Elevation Max deg 7.50
Far Field x used meters 655.36
ft 2,149.59
Far Field Y used meters 49.54
ft 162.56
Curve to use cos
overhead losses dB 20.00
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ARSR-3
FrequencyRange 1 GHzto 2 GHz
Description Route Trackng FAA
Nomenclature ARSR-3
Latitude Nationwide
Longtude Nationwide
Location Various

Antenna Description

Orange Peel (Slant ramgadjsted for 28 dB loakp gain)

Frequency MHz 1,304.90
Pulse Width psec 2.00
PRF Hz 365.0(
Duty Cycle # 0.000730
% 0.073000
Transnitter Peak W 6,500,000.0D
dBm 98.13
Transnitter Average W 4,745.00
dBm 66.76
SystemLosses dB -3.00
Antenna Gain dB 34.5(
Antenna Max X meters 12.8(
ft 41.98
Antenna Max y meters 6.89
ft 22.63
BeamWidth deg 1.25
Elevation Max deg 30.00
Far Field x Used meters 712.64
ft 2,337.49
Far Field yUsed meters 206.5(
ft 677.3(
Curve to Use cos
Overhead Losses dB 35.00
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FPS64A
FrequencyRange 1 GHzto 2 GHz
Description Search Rdar
Nomenclature AN/FPS64A
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna Description Orange Peel
Frequency MHz 1,265.00
Pulse Width psec 6.00
PRF Hz 355.0(
Duty Cycle # 0.002130
% 0.213000
Transnitter Peak W 5,000,000.0D
dBm 96.99
Transnitter Average W 10,650.00
dBm 70.27
SystemLosses dB -3.00
Antenna Gain dB 34.80
Antenna Max X meters 13.77
ft 45.00
Antenna Max y meters 5.79
ft 19.00
BeamWidth deg 1.30
Elevation Max deg 7.50
Far Field x Used meters 793.69
ft 2,603.28
Far Field yUsed meters 141.449
ft 646.09
Curve to Use cos
Overhead Losses dB 20.0d
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ESI-11160
FrequencyRange 1 GHzto 2 GHz
Description ESI-11160
Nomenclature Satellite Communication
Latitude 34.49.24N
Longitude 120.31.54W
Location Santa Barbara, CA and othearious locations
Antenna [Bscription Circular Dish
Frequency MHz 1,771.73
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.0000¢
% 100.0000
Transnitter Peak W 1,000.00
dBm 60.00
Transnitter Average W 1,000.00
dBm 60.00
SystemLosses dB -3.00
Antenna Gain dB 43.00
Antenna Max meters 10.00
ft 32.80
BeamWidth deg 1.15
Elevation Max deg 85.00
Far Field Used meters 1,181.1%
ft 3,874.18
Curve to Wse uniform
Overhead Losses dB 20.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representatesof the actual mdulation and are set so the duajgle is 100%.
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SPS48
FrequencyRange 2 GHzto 4 GHz
Description Search Rdar
Nomenclature AN/SPS48
Latitude Ship Based Sstem
Longtude Ship Based Sstem
Location U.S. Ships (also experental land bases)

Antenna Description

Phased Array

Frequency MHz 2,900.00
Pulse Width psec 27.00
PRF Hz 541.0(¢
Duty Cycle # 0.01461
% 1.44
Transnitter Peak W 2,400,000.0D
dBm 93.80
Transnitter Average W 35,056.80
dBm 75.45
SystemLosses dB -3.00
Antenna Gain dB 39.00
Antenna Max X meters 5.65
ft 18.53
Antenna Max y meters 5.10
ft 16.73
BeamWidth deg 1.60
Elevation Max deg 65.00
Far Field x Used meters 308.58
ft 1,012.16
Far Field yUsed meters 251.43
ft 824.64
Curve to Use cos
Overhead Losses dB 20.0d
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WSR-88
FrequencyRange 2 GHzto 4 GHz
Description NEXRAD Weather Rdar
Nomendature UNSWSR-88D
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna [@scription Circular Dish
Frequency MHz 2,700.00
Pulse Width psec 4.50
PRF Hz 452
Duty Cycle # 0.006149
% 0.614900
Transnitter Peak W 1,000,000.00D
dBm 90.0d
Transnitter Average W 2,0034.00
dBm 63.08
SystemLosses dB -3.00
Antenna Gain dB 45.00
Antenna Max d meters 8.54.3(
ft 28.01
BeamWidth deg 0.95
Elevation Max deg 60.00
Far Field Used meters 1,312.77
ft 4,305.88
Curve to Use (1+2)*
Overhead Losses dB 25.00
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TDWR
FrequencyRange 2 GHzto 4 GHz
Description Terminal Detection Weather Blar
Nomenclature TDWR
Latitude Nationwide
Longtude Nationwide
Location Various
Antenna [Bscription Circular Dish
Frequency MHz 5,600.00
Pulse Width psec 1.10
PRF Hz 1,930.50
Duty Cycle # 0.00212
% 0.2124
Transnitter Peak W 250,000.00
dBm 83.98
Transnitter Average W 530.89
dBm 57.25
SystemLosses dB -3.00
Antenna Gain dB 50.00
Antenna Max d meters 7.62
ft 24.99
BeamWidth deg 0.55
Elevation Max deg 60.00
Far Field used meters 2,167.74
ft 7,110.18
Curwe to use (117)?
overhead losses dB 40.00
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FPS16V
FrequencyRang 4 GHzto 6 GHz
Description Range Instrunentation Radar
Nomenclature AN/FPS16V
Latitude 30.29.00N
Longtude 086.30.00W
Location Eglin AFB, FL and other arious locations

Antenna [Bscription

Circular Dish

Frequency MHz 5,400.00
Pulse Width psec 0.50
PRF Hz 320.0(¢
Duty Cycle # 0.0001600
% 0.016(
Transnitter Peak W 1,000,000.00D
dBm 90.0d
Transnitter Average W 160.0(
dBm 52.04
SystemLosses dB -3.00
Antenna Gain dB 47.00
Antenna Max meters 3.66
ft 12.00
BeamWidth deg 1.20
Elevation Max deg 90.00
Far Field Used meters 482.24
ft 1,581.7%
Curve to Wse uniform
Overhead Losses dB 20.00
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FSC-79
FrequencyRang 6 GHzto 8 GHz
Description Spread SpectrupMultiple Access,
Nomendature AN/FSCY9
Latitude 37.56.30N
Longtude 121.21.05W
Location Stockton, CA and otherarious locations

Antenna [Bscription

Circular Dish

Frequency MHz 7,995.00
Pulse Width psec 375.0(
PRF Hz 1,000.00
Duty Cycle # 0.3750(

% 37.500(
Transnitter Peak W 8,000.00

dBm 69.03
Transnitter Average W 3,000.00

dBm 64.71
SystemLosses dB -3.00
Antenna Gain dB 62.00
Antenna Max meters 18.3(

ft 60.04
BeamWidth deg 1.60
Elevation Max deg 16.00
Far Field meters 17,849.64

ft 58,546.81
Curve to Wse uniform
Overhead Losses dB 20.00
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TPQ-39
FrequencyRange 8 GHzto 12 GHz
Description Range Trackng
Nomendature AN/TPQ-39
Latitude 37.25.00N
Longtude 121.06.00W
Location Crows Landing California, and otherarious locations

Antenna [Bscription

Circular Dish

Frequency MHz 9,000.00
Pulse Width psec 1.00
PRF Hz 1,280.00
Duty Cycle # 0.00128
% 0.128(
Transnitter Peak W 300,000.00
dBm 84.77
Transnitter Average W 384.0(¢
dBm 55.84
SystemLosses dB -3.00
Antenna Gain dB 44.00
Antenna Max meters 2.44
ft 8.00
BeamWidth deg 1.50
Elevation Max deg 90.00
Far Field Used meters 357.27
ft 1,171.67
lllumination Estinator # 1.92
Curwe to Use p4 (1-r)°
Overhead Losses dB 20.00
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GPN-22
FrequencyRange 8 GHzto 12 GHz
Description Precision Approach Radar PN-18, 19, and 25)
Nomendature AN/GPN-22
Latitude 41.07.00N
Longtude 095.55.00W
Location Offutt AFB, NE and other arious locations

Antenna Description

Phase Array

Frequency MHz 9,020.00
Pulse Width psec 0.50
PRF Hz 3,652.00
Duty Cycle # 0.00183
% 0.18
Transnitter Peak W 250,000.00
dBm 83.99
Transnitter Average W 456.5(
dBm 56.59
SystemLosses dB -3.00
Antenna Gain dB 42.00
Antenna Max X meters 4.60
ft 15.09
Antenna Max y meters 3.98
ft 13.05
BeamWidth deg 1.55
Elevation Max deg 60.00
Far Field x Used meters 636.2]
ft 2,086.77
Far Field yUsed meters 476.271
ft 1,562.16
Curve to Use cos’
Overhead Losses dB 20.0d
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ASDE-3
FrequencyRange 12 GHzto 18 GHz
Description Airport Surface [Btection Equiprent, Fixed Arport
Nomendature ASDE-3
Latitude Nationwide
Longtude Nationwide
Location Various

Antenna Description

Parabolic Reflector, Rectantar

Frequency MHz 15,700.00
Pulse Width psec 0.04
PRF Hz 33,250.00
Duty Cycle # 0.001333
% 0.133
Transnitter Peak W 3,000.00
dBm 64.77
Transnitter Average W 3.87
dBm 35.89
SystemLosses dB -3.00
Antenna Gain dB 44.00
Antenna Max X meters 5.08
ft 16.64
Antenna Max y meters 3.03
ft 0.25
BeamWidth deg 0.25
Elevation Max deg 2.0
Far Field x Used meters 1,350.53
ft 4,429.7%
Far Field yUsed meters 215.66
ft 707.37%
Curve to Use cos
Overhead Losses dB 22.00
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SAT BUS
FrequencyRange 12 GHzto 18 GHz
Description Satellite @mm
Nomenclature Sat Bus /s
Latitude 39.16.38N
Longitude 104.48.25W
Location Colorado Spring, CO, and otheravious locations

Antenna [Bscription

Circular Dish

Frequency MHz 14,000.00
Pulse Width psec 1,000.00
PRF Hz 1,000.00
Duty Cycle # 1.0000¢

% 100.0000
Transnitter Peak W 1,000.00

dBm 60.00
Transnitter Average W 1,000.00

dBm 60.00
SystemLosses dB -6.00
Antenna Gain dB 56.00
Antenna Max meters 2.32

ft 7.59
BeamWidth deg 0.50
Elevation Max deg 60.00
Far Field Used meters 500.24

ft 1,640.94
Curve to Wse uniform
Overhead Losses dB 20.00

Note: The analgis of this sytemused CW output with no mdulation, therefore thewW and PRF are
not representatesof the actual mdulation and are set so the duajgle is 100%.
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ADSE-2
FrequencyRang 18 GHzto 40 GHz
Description Airport Surface [Btection
Nomendature ADSE-2
Latitude 41.58.43N
Longitude 087.54.21W
Location Chicag, lllinois, and nurerous airport nationwide

Antenna Description

Parabolic Reflector, Rectantar

Frequency MHz 23,600.00
Pulse Width psec 0.02
PRF Hz 14,500.00
Duty Cycle # 0.00029
% 0.03
Transnitter Peak W 50,000.00
dBm 76.99
Transnitter Average W 15.95
dBm 42.03
SystemLosses dB -2.36
Antenna Gain dB 45.00
Antenna Max X meters 3.40
ft 11.15
Antenna Max y meters 0.30
ft 0.98
BeamWidth deg 0.25
Elevation Max deg 3.00
Far Field x Used meters 909.34
ft 2,982.79
Far Field yUsed meters 7.08
ft 23.22
Curve to Wse uniform
Overhead Losses dB 20.0d
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